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Xicor's NEW WWW 
Design Resource! 


Product Listings! 


Includesall the latestdatasheetsummaries,devicelistings, 


andselectionguides. 


Newly Introduced 
Products! 


Advancedinformationon new 


products,includinga spotlight 


productsectionfeaturingnew, 


interestingor recentlycovered 


productsfrom the industry 


magazines. 


Sales Office Listings! 


Officelistingsfor domesticand 


internationallield application 


engineers,salesforceand 
4 
distributors. 
"- 
~ 
cl 


Request Samples or Literature! 


E-mailaccessto thefield salesoffices 


or our corporateheadquartersfor 


applicationssupport,to requestsam- 


plesor databooks,or justto odd 


your nometo our moilinglisl. 


he World 
Wide 
Web 
is an on-line resource 
that offers Xicor customers worldwide 
a com- 
plete library of up-ta-date technical information 
about Xicor's line of nonvolatile semiconductor 
devices. This Design Resource provides useful 


• 
device 
and 
application 
support and 
can be 
accessed 
24 
hours a day 
on the internet's 
World Wide 
Web (WWW). 
......................................................... 


icor's WWW 
Design Resource was developed 
by Xicor engineers specifically 
for design engi- 
neers. Using our uniform resource locator (URL): 
http://www.xicor.com 
will 
provide 
the 
engineering 
community 
with 
instantaneous 
access to information 
early in a design cycle, 
anytime ... day or night! 
••••••••••, 


XICOR'S DESIGN RESOURCE CURRENTLY OFFERS THE FOLLOWING INFORMATION AND 
CAPABILITIES WHICH WILL REGULARLY BE UPDATED AND IMPROVED. 


• 
Device 
listings, 
data 
sheet 
summaries, 
and 
selection 


guides 
to help 
designers 
during 
the 
initial 
design 
stage. 


• 
A spotlight 
product 
section 
to showcase 
innovative 
new 


products. 


• 
Faxback 
access 
to Xi cor's 
data 
sheets 
or application 


notes. 
This 
service 
will 
soon 
be available 
directly 
from 


the website. 


• 
Applications 
assistance 
from 
Xicor's 
field 
sales 
offices 
or 


corporate 
headquarters 
through 
on-the-web 
e-mail. 


• 
On-the-web 
listings 
of Xicor's 
domestic 
and 
international 


distribution 
and 
sales 
offices, 
including 
e-mail 
and 


hot 
links. 


• 
Investor 
information, 
including 
quarterly 
and 
yearly 
reports. 


• 
Career 
opportunities 
available 
at Xicor's 
California 


headquarters 
or field 
locations. 


• 
WWW 
survey 
form. 
This 
feedback 
will 
help 
Xicor 


improve 
the 
services 
offered 
to the design 


engineering 
community 
. 
. 


: 
~ 
IF YOU HAVE ANY QUESTIONS REGARDING XICOR'S WW~ 
PLEASECALLOUR TOLLFREENUMBER AT '·800·754·8224 
OR 408·432·8888 
EXT. 33361 


DATA BOOK 


Total customer 
satisfaction 
is Xicor's number one goal. 
Xicor provides an extensive 
product 
offering to satisfy your needs in field-programmable 
nonvolatile 
microperipherals 
and support 
memory chips such as Serial Flash Memory, E2pROMs, NOVRAMs, E2POTs, and others. These 
CMOS products are available in a wide variety of speeds, voltages, package types, and a variety 
of interface configurations. 
The majority of the products are offered with extended temperature 
ranges, and many comply with all of the requirements 
of MIL-STD-883 
Revision C for Class B 
products. 


Xicor has shipped 
to its customers 
more than 300 million 
units. New, innovative 
products 
continuously 
join them as a result of our extensive research and development 
activities. 
Xicor's 
worldwide 
sales, marketing 
and applications 
organizations 
are dedicated 
to supporting 
your 
requirements. 
We appreciate your business and look forward to supplying your present and future 
requirements. 


Raphael Klein 
President 
July, 1995 
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Xi cor offers the best applications support 
in the industry to our customers. 


1. 
Field Applications 
Engineers 
in each sales office 


2. 
Factory Applications 
Support 
HOTLINE 
at (408) 432-8888 


3. 
On line Applications 
Bulletin 
Board (800) 258-8864 
-14.4K 
baud 


4. 
Interfacing 
Software 
available 
on the Applications 
Bulletin Board 


5. 
Latest Datasheets 
and Application 
Notes available by Fax Back (408) 954-1627 or (408) 954-1711 


6. 
World Wide Web design resource 
at http://www.xicor.com 


Corporate Office 
Xicor, 
Inc. 


1511 Buckeye 
Drive 


Milpitas, 
CA 95035 
Phone: 
408/432-8888 
Fax: 408/432-0640 


Northeast Region 
Xicor, 
Inc. 


1344 Main Street 
Waltham, 
MA 02154 
Phone: 
617/899-5510 
Fax: 617/899-6808 
Email: xicor-ne@smtpgate.xicor.com 


Southeast Region 
Xicor, 
Inc. 


100 East Sybelia 
Ave., 
Suite 355 


Maitland, 
FL 32751 
Phone: 
407/740-8282 
Fax: 407/740-8602 
Email: xicor-se@smtpgate.xicor.com 


Mid-Atlantic Region 
Xicor, Inc. 
50 North Street 
Danbury, 
CT 06810 


Phone: 203/743-1701 
Fax: 203/794-9501 
Email: xicor-ma@smtpgate.xicor.com 


North Central Region 
Xicor, 
Inc. 


810 South Bartlett 
Road, Suite 103 
Streamwood, 
IL 60107 
Phone: 708/372-3200 
Fax: 708/372-3210 
Email: xicor-nc@smtpgate.xicor.com 


South Central Region 
Xicor, 
Inc. 


11884 Greewille 
Ave., Suite 102 
Dallas, TX 75243 
Phone: 214/669-2022 
Fax: 214/644-5835 
Email: xicor-sc@smtpgate.xicor.com 


Southwest Region 
Xicor, 
Inc. 


4100 Newport 
Place Drive, Suite 710 


Newport 
Beach, 
CA 92660 


Phone: 
714/752-8700 


Fax: 714/752-8634 
Email: xicor-sw@smtpgate.xicor.com 


Northwest Region 
Xicor, 
Inc. 


2700 Augustine 
Drive, Suite 219 


Santa Clara, CA 95054 
Phone: 408/292-2011 
Fax: 408/980-9478 
Email: xicor-nw@smtpgate.xicor.com 


INTERNATIONAL 
SALES OFFICES 


EUROPE 
Northern Europe 
Xicor, 
Ltd. 
Grant Thornton 
House 


WitanWay 
Witney 
Oxford 
OX8 6NT 


UK 
Phone: 
(44) 19/937.00544 
Fax: (44) 19/937.00533 
Email: xicor-uk@smtpgate.xicor.com 


Central Europe 
XicorGmbH 
Technopark 
Neukeferloh 


Bretonischer 
Ring 15 


85630 Grasbrunn 
bei Muenchen 


Germany 
Phone: 
(49) 89/461.0080 
Telex: 
(841) 5213883 
Fax: (49) 89/460.5472 
Email: xicor-gm@smtpgate.xicor.com 


Xicor GmbH 
(Korntal) 


Steinbeisstrasse 
9 


70825 
Korntal 
1 


Germany 
Phone: 
(49) 711.83.76.36 
Fax: (49) 711.83.80.521 
Email: xicor-gm@smtpgate.xicor.com 


ASIA/PACIFIC 
Japan 
Xicor Japan 
K.K. 
Suzuki Building, 
4th Floor 


1-6-8 Shinjuku, 
Shinjuku-ku 
Tokyo 
160 
Japan 
Phone: (81) 33/225.2004 
Fax: (81) 33/225.2319 
Email: xicor-jp@smtpgate.xicor.com 


Mainland China 
Taiwan/Hong Kong 
Xicor, 
Inc. 
4100 Newport 
Place Drive, Suite 710 
Newport 
Beach, 
CA 92660 
Phone: 714/752-8700 
Fax: 714/752-8634 


Singapore/Malaysia/India 
Xicor, 
Inc. 
2700 Augustine 
Drive, Suite 219 
Santa Clara, CA 95054 
Phone: 408/292-2011 
Fax: 408/980-9478 


Korea 
Xicor Korea 
27th FI., Korea World Trade 
Ctr. 


159, Samsung-dong 
Kangnam 
Ku 
Seoul 
135-729 
Korea 
Phone: 
(82) 2551.2750 


Fax: (82) 2551.2710 
Email: xicor-ka@smtpgate.xicor.com 


Let our Applications Team help 
turn your ideas into reality! 


NEW-Design 
News! 


Specifications 
for thirty new products are included 
in 


this new data book. 


Xicor issues Design Engineering 
Bulletins 
as new prod- 
ucts are introduced. 
These 
Bulletins 
supply information 


on the latest new products 
including 
data sheets, 
appli- 
cation 
notes, and software. 
This data book contains 
all 


information 
previously 
published 
in Design 
Engineering 


Bulletins 
#2 through 
#10. 


Please contact the local Xicor sales office for information 
on new products 
and future 
Design 
Engineering 
Bulle- 


tins, or use the BRC located 
at the back of this book, or 


see us on the WWW. 


O«<I<•.•.•-...-_ 
•••_If 
••""'"'_ 
!i~ 


NOTE: Call your local Xicor sales office to receive Bulletins 
issued after the publication 
of this data book. All Bulletins 


shown 
above 
are included 
in this data book. 


NEW-Xicor's 
FaxBack Service! 


This 
year 
Xicor 
introduced 
an automated 
FaxBack 
response 
system, 
available 
twenty- 
four hours-a-day, 
seven days-a-week. 


Up-to-date 
index 
provides 
Xicor's 
latest 
product 
offerings. 
Xicor 
FaxBack 
provides 
a selection 
index for product 
information. 
To receive this 
index, 
simply 
call 
(408) 
954-1627 
and 
request fax selection 
number, 
"2000." 


Once you've 
received this index you can scan under the "part number" column to locate the 
particular 
data sheet of interest. By using the corresponding 
"Fax Back number" you can select 
the product 
data sheet you wish to receive. Within minutes your request will be delivered. 


A touch-tone 
telephone 
and a fax machine/fax 
modem are all you 
need to instantly 
retrieve 
information 
about 
Xicor 
products. 
In 
addition, Xicor's FaxBack is also accessible 
from the Application 
Bulletin Board (BB8). 


FREE-Applications 
Software! 


Xicor offers an Applications 
Bulletin 
Board which 
contains applications information, product information, 
and interface software routines for a variety of Xicor 
products. 


The BBS may be accessed at (800) 258-8864 or (408) 
943-0655. Information is partitioned into the following 
file libraries based upon the topic or product. These 
libraries are currently available. 


INTEL 


MOTOROLA 


ZILOG 


NEC 


PRGRMR 


SUC 


EEPOT 


SECURE 


MPS 


LapKit/51 


Interface Routines for Intel Microcontrollers 


Interface Routines for Motorola Microcontrollers 


Interface Routines for Zilog Microcontrollers 


Interface Routines for NEC Microcontrollers 


Latest Xicor Programmer Software 


The SUC (Self Loading Integrated Code) Support Files 


Interface Routines for Xicor's E2POTs 


Interface Routines for PASS (Password Access Security Supervisor) 


Interface Routines for Xicor MPS Devices 


Xicor PC Keyboard Controller and Power Management Chipset 


"-.:0-=, AUTOSTORE®, 
E2POT®, SLlC®, and DirectWrite® are registered trademarks of Xicor, 
Inc. SerialFlash™ Memory, Identi™ PROM, CONCURRENT 
READWRITE™, Classified Erase™, 


PushPot™, MPS™, are trademarks of Xicor, Inc. NOVRAM is Xicor's Nonvolatile Static RAM 
Device. All other trademarks are the property of their respective owners. 


LIMITED WARRANTY 
Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification 
provisions appearing in its Terms of Sale only. Xicor, Inc. makes 


no warranty, 
express, statutory, 
implied, or by description 
regarding the information set forth herein or regarding the freedom of the described 
devices from patent infringement. 
Xicor, Inc. makes no warranty of merchantability 
or fitness tor any purpose. Xicor, Inc. reserves the right to 


discontinue 
production 
and change specifications 
and prices at any time and without notice. 


Xicor, Inc. assumes no responsibility 
for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product. No other circuits, patents, 


licenses are implied. 


U.S. PATENTS 
Xicor products are covered by one or more of the following U.S. Patents: 4,263,664; 4,274,012; 4,300,212; 4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 4,450,402; 4,486,769; 4,488,060; 4,520,461 ;4,533,846; 4,599,706; 4,617,652; 4,668,932; 4,752,912; 4,829,482; 4,874,967; 4,883,976; 
4,980,859; 
5,012,132; 5,003,197; 
5,023,694. 
Foreign patents and additional patents pending. 


LIFE RELATED POLICY 
In situations where semiconductor 
component 
failure may endanger life, system designers using this product should design the system with 
appropriate 
error detection and correction, 
redundancy and back-up features to prevent such an occurrence. 


Xicor's products are not authorized 
for use as critical components 
in life support devices or systems. 
1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain life, 
and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be reasonably expected 
to result in a significant 
injury to the user. 
2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to cause the failure 
of the life support device or system, or to affect its satety or effectiveness. 


• 92DB: Data Sheet not included in this databook. Please see Xicor's 1992 Databook. 
• For FaxBack numbers, see the following Alphanumeric Index. 


SECTION 1-NOVRAMS 
X22C10-64 
X 4 Bit NOVRAM 
1-1 


X22C12-256 
X 4 Bit NOVRAM 
1-11 


X20C04-512 
X 8 Bit NOVRAM 
1-21 


X20C05-512 
X 8 Bit High Speed AUTOSTORE NOVRAM 
1-33 


X20C16-2K x8 Bit High Speed AUTOSTORE NOVRAM 
1-47 


X20C17-2K x8 Bit High Speed AUTOSTORE NOVRAM 
1-61 


SECTION 2-SERIAL 
PRODUCTS 


NOVRAMS 
X24C44-16 
X 16 Bit Serial NOVRAM 
2-1 


X24C45-16 
X 16 Bit Serial AUTOSTORE NOVRAM 
2-13 


X25401-16 
X 16 Bit SPI Serial AUTOSTORE NOVRAM 
2-27 


E2PROMS 
X24COO-16 x 8 Bit Serial £2PROM 
2-39 


X24001-16 x 8 Bit IdentiPROM 
2·47 


X24C01-128 
x 8 Bit Serial [2PROM 
'92DB 


X24C01A-128 
X 8 Bit Serial [2PROM 
'92DB 


X24012-128 
X 8 Bit Serial [2PROM 
'92DB 


X24C02-256 
X 8 Bit Serial [2PROM 
'92DB 


X24022-256 
X 8 Bit Serial [2PROM 
'92DB 


X24C04-512 
X 8 Bit Serial [2PROM 
'92DB 


X24042-512 
X 8 Bit Serial [2PROM 
'92DB 


X24C08-1K 
X 8 Bit Serial [2PROM 
'92DB 


X24C16-2K 
X 8 Bit Serial [2PROM 
'92DB 


X24164-2K 
X 8 Bit Serial [2PROM 
'92DB 


X24165-2K x 8 Bit Serial £2PROM 
2-57 


X24325-4K x 8 Bit Serial £2PROM 
2-71 


X24645-8K x 8 Bit Serial £2PROM 
2-85 


X25C02-256 x 8 Bit SPI Serial £2PROM 
2-99 


X25020-256 x 8 Bit SPI Serial £2PROM 
2-111 


X25021-256 X 8 Bit SPI Serial £2PROM 
2-123 


X25040-512 x BBit SPI Serial £2PROM 
2-135 


X25041-512 
X 8 Bit SPI Serial £2PROM 
2-147 


X25043-512 x 8 Bit SPI Serial £2PROM and Programmable Watchdog Supervisor 
2-161 


X2508~ 
1K x 8 Bit SPI Serial f2PROM 
2·175 


X2516~2K 
x 8 Bit SPI Serial f2PROM 
2·187 


X25320--4K x 8 Bit SPI Serial f2PROM 
2·199 


X2564~K 
x 8 Bit SPI Serial E;2PROM 
2·213 


X25642-8K 
x 8 Bit SPI Serial E;2PROM 
2·225 


X2512~16K 
x 8 Bit SPI Serial E;2PROM 
2·237 


X84041-512 
x 8 Bit Micro Port Saver Serial f2PROM 
2·251 


SERIALFLASH 
MEMORY 


X24FOO~ 1K x 8 Bit 2·Wire Interface SerialFlash Memory 
2·261 


X24F016-2K 
x 8 Bit 2·Wire Interface SerialFlash Memory 
2·261 


X24F032-4K 
x 8 Bit 2·Wire Interface SerialFlash Memory 
2·261 


X24F064-8K 
x 8 Bit 2·Wire Interface SerialFlash Memory 
2·261 


X25FOO~1K 
x 8 Bit SPI SerialFlash 
Memory 
2·275 


X25F016-2K 
x 8 Bit SPI SerialFlash 
Memory 
2·275 


X25F032-4K 
x 8 Bit SPI SerialFlash 
Memory 
2·275 


X25F064-8K 
x 8 Bit SPI SerialFlash 
Memory 
2·275 


SECTION 3-BYTE-WIDE 
E2pROMS 


X2804C-512 
x 8 Bit 5V, Byte Alterable 
E;2PROM 
3·1 


X2816e-2K 
x 8 Bit 5V, Byte Alterable 
E2PROM 
3·13 


X28C64-8K 
x 8 Bit 5V, Byte Alterable 
E2PROM 
3·25 


X28HC64-8K 
x 8 Bit 5V, Byte Alterable E;2PROM 
3·41 


X28C256-32K 
x 8 Bit 5V, Byte Alterable 
f2PROM 
3·57 


X28HC256-32K 
x 8 Bit 5V, Byte Alterable 
f2PROM 
3·73 


X28VC256-32K 
x 8 Bit 5V, Byte Alterable 
E;2PROM 
3·89 


X28C512JX28C513~4K 
x 8 Bit 5V, Byte Alterable 
E;2PROM 
3·105 


X28HT512~4K 
x 8 Bit High Temperature 5V, Byte Alterable E;2PROM 
3·121 


X28LC512JX28LC513-64K 
x 8 Bit Low Voltage 5V, Byte Alterable f2PROM 
3·131 


X28C01~128K 
x 8Bit 5V, Byte Alterable f2PROM 
3·147 


X28HT01~128K 
x 8 Bit 5V High Temperature, Byte Alterable E;2PROM 
3·163 


SECTION 4-E2POT 
NONVOLATILE DIGITAL POTENTIOMETERS 


X9C102/103/104/503-E2POT 
Nonvolatile 
Digital 
Potentiometer 
.4·1 


X9312-f2POT 
Nonvolatile 
Digital 
Potentiometer 
4-15 


X9313-E;2POT 
Nonvolatile 
Digital 
Potentiometer 
4·23 


X9314-Log 
Taper E;2POT Nonvolatile 
Digital Potentiometer 
4·31 


X9511-PushPOT 
Nonvolatile 
Digital 
Potentiometer 
4·39 


X9514-Log 
Taper PushPOTNonvolatile Digital Potentiometer 
4-47 


X9221-Dual 
£2POTNonvolatile Digital Potentiometer 
4·55 
X9241-Quad 
£2POTNonvolatile Digital Potentiometer 
4-69 


SECTION 5-MICROCONTROLLER 
PERIPHERAL PRODUCTS 


X68C64-8K 
x 8 Bit £2 Microperipheral 
5-1 
X68C64 SLlC-64K 
x 8 Bit £2 Microperipheral 
5·11 
X68C75 SLlC-8K 
x 8 Bit Port Expander and £2 Microperipheral 
5-15 
X68257-32K 
x 8 Bit £2 Microperipheral 
5·39 


XB6C64-BK 
x B Bit £2 Microperipheral 
'92DB 
X88C64-8K 
x 8 Bit £2 Microperipheral. 
5-51 
X88C64 SLlC-64K 
x 8 Bit £2 Microperipheral 
5-65 
X88C75 SLlC-8K 
x 8 Bit Port Expander and £2 Microperipheral 
5-69 
X88C75 LapKit-8K 
x 8 Bit Port Expander and £2 Microperipheral 
5·93 
X88257-32K 
x 8 Bit £2 Microperipheral 
5-115 


SECTION 6-MEMORY 
MODULES 


XM20C64-8K 
x 8 Bit High SpeedAUTOSTORENOVRAM 
6·1 


XM28C010-128K 
x 8Bit High Speed5V, ByteAlterable £2PROM 
'92DB 
XM28C010P-32K 
x 32 Bit High Speed 5V, ByteAlterable Nonvolatile Memory Array 
6-9 
XM28C020-256K 
x 8 Bit 5V, Byte Alterable £2PROM 
6-13 
XM28C020P-64K 
x 32 Bit High Speed 5V, Byte Alterable Nonvolatile Memory Array 
6-29 
XM28C040-512K 
x 8 Bit 5V, Byte Alterable £2PROM 
6-33 


SECTION 7-STAND 
ALONE PRODUCTS 


X76041-512 
x 8 Bit PASS£2 
7-1 


SECTION a-DEVELOPMENT 
SYSTEMS 


XK68-68HC111X68Cxx SLIC£2 Development System 
8·1 
XK76-PASS 
£2 Development System 
8-3 
XK76C-PASS 
£2 Development System (Card Reader) 
8·7 
XK84-MPS 
£2 Development System 
8·11 
XK88-80C311X88Cxx SLIC£2 Development System 
8-13 
XK9241-Quad 
£2POTDevelopment System 
8-15 


SECTION 9-APPLICATION 
NOTES 


AN42-Variable 
Gain using £2POTsto alter Bias Currents of TransconductanceAmplifiers .. 9-1 
AN43-Software 
Implements a High Resolution Nonvolatile Digital Potentiometer 
9·3 


AN45-Wien 
Bridge Oscillators using f2POTs 
9-9 


AN46-Remotely 
Adjustable Voltage Regulators using f2POTs 
9-15 


AN47-Controlling 
an LM555 Astable Oscillator using f2POTs 
9-17 


AN48-Shaft 
Encoder Drives Multiple f2POTs 
9-19 


AN49-Digital 
Audio Amplifier Gain Control using Logarithmic f2POTs 
9-23 


AN50-0p 
Amp Gain and Offset Trim using f2POTs 
9-27 


AN51-Tone, 
Balance, and Volume Control using a Quadf2POT 
9-31 


AN52-Power 
Supply and DCto DCConverter Control using f2POTs 
9-33 


AN53-Designing 
with Xicor f2POTs 
9·37 


AN54-f2PROM 
Programmer Vendorsfor Xicor Devices 
9-45 


AN55-Summary 
and Use of ()JA and ()JC Parameters with Xicor Devices 
9·49 


AN56-NOVRAM AUTOSTOREConsiderations 
9-53 


AN57-What 
is MPS f2? 
9-55 


AN58-NOVRAM 
vs. Battery Backed SRAM:Latch-up 
Considerations for Nonvolatile Systems 
9-63 


AN61-Programmable 
Write Protection for High Density Serial f2PROMs 
9-67 


AN62-What 
is SUC f2? 
9-69 


AN63-X88C64 
SUC Protoyping and Memory Expansion Techniques 
9-73 


AN64-Using 
XSUC and Xicor's XCOMProtocol 
9-79 
AN65-lntroduction 
to Xicor's 80C51 SUCf2PROM LapKit Chipsel: Simplifying the 


Tasksof Power Management, Keyboard Configuration, and LCDControl 
9-87 


AN66-Using 
SUC Devices with NEC78K2Microcontollers 
9-91 
AN67-What 
is PASSf2? 
9-97 
AN68-Customizing 
Communication Parameters on the SUC f2 
9-101 
AN69-The 
X24C44 NOVRAMTeamsup with 8051 Microcontrollers 
9-103 
AN70-Recent 
Trends in Embedded Control Memory 
9-109 
AN71-lmplement 
a Nonvolatile Latch with f2POTs 
9-115 
AN72-Serialization 
using Small f2PROMs 
9-117 
AN73-lmproving 
Analog Signal Monitors with f2POTs 
9-119 


SECTION 10-D1E 
PRODUCTS 


PACKAGING 
10-1 


SECTION 11-MllITARY 
PRODUCTS 


Military Products 
11-1 


SECTION 12-GENERAL 
INFORMATION 


Packaging 
12-1 


X20C04-512 
x 8 Bit NOVRAM 
1-21 
#1000 


X20C05-512 
x 8 Bit High Speed AUTOSTORf NOVRAM 
1·33 
#1001 


X20C16-2K 
x8 Bil High Speed AUTOSTORf NOVRAM 
1-47 
#1002 


X20C17-2K 
x 8 Bit High Speed AUTOSTORf NOVRAM 
1-61 
#1003 


X22C10-64 
x 4 Bit NOVRAM 
1-1 
#1004 


X22C12-256 
x 4 Bit NOVRAM 
1-11 
#1005 


X24001-16 
x 8 Bit IdentiPROM 
2-47 
#1006 


X24012-128 
X 8 Bit Serial [2PROM 
'920B 
#1007 


X24022-256X 
8 Bit Serial [2PROM .............................•............................... 
'920B 
#1008 


X24042-512 
X 8 Bit Serial [2PROM 
'920B 
#1009 


X24164-2K 
X 8 Bit Serial [2PROM 
'920B 
#1010 


X24165-2K 
x 8 Bil Serial £2PROM 
2-57 
#1072 


X24325-4K 
x 8 Bil Serial £2PROM 
2-71 
#1073 


X24645-8K 
x 8 Bil Serial £2PROM 
2-85 
#1011 


X24COO-16 
x 8 Bil Serial £2PROM 
2-39 
#1012 


X24COl-128 
x 8 Bit Serial [2PROM 
'920B 
#1013 


X24C01A-128 
X 8 Bit Serial [2PROM 
'920B 
#1014 


X24C02-256 
X 8 Bit Serial [2PROM 
'920B 
#1015 


X24C04-512 
X 8 Bit Serial [2PROM 
'920B 
#1016 


X24C08-1K 
X 8 Bit Serial [2PROM 
'920B 
#1017 


X24C16-2K 
X 8 Bit Serial [2PROM 
'920B 
#1018 


X24C44-16 
x 16 Bil Serial NOVRAM 
2-1 
#1019 


X24C45-16 
x 16 Bil Serial AUTOSTORf NOVRAM 
2-13 
#1020 


X24F008-1K 
x 8 Bil2-Wire 
Interface SerialFlash Memory 
2-261 
#1086 


X24F016-2K 
x 8 Bil2-Wire 
Interface SerialFlash Memory 
2-261 
#1086 


X24F032-4K 
x 8 Bil2-Wire 
Interface SerialFlash Memory 
2-261 
#1086 


X24F064-8K 
x 8 Bil2-Wire 
Interface SerialFlash Memory 
2-261 
#1086 


X25020-256 
x 8 Bil SPI Serial £2PROM 
2-111 
#1022 


X25021-256 
X 8 Bil SPI Serial £2PROM 
2-123 
#1070 


X25040-512 
x 8 Bil SPI Serial £2PROM 
2-135 
#1023 


X25041-512 
X 8 Bil SPI Serial £2PROM 
2-147 
#1071 


X25043-512 
x 8 Bit SPI Serial £2PROM and 
Programmable 
Watchdog Supervisor 
2-161 
#1024 


X25080-1K 
x 8 Bil SPI Serial £2PROM 
2-175 
#1038 


X25160-2K 
x 8 Bil SPI Serial £2PROM 
2-187 
#1026 


X25320-4K 
x 8 Bil SPI Serial £2PROM 
2-199 
#1027 


Alpha-Numeric Index 
(Cont.) 


X25401-16 
x 16 Bit SPI Serial AUTOS TORENOVRAM 
2-27 
#1028 


X25640-8K 
x 8 Bit SPI Serial [2PROM 
2-213 
#1029 


X25642-8K 
x 8 Bit SPI Serial [2PROM 
2-225 
#1030 


X25128-16K 
x 8 Bit SPI Serial [2PROM 
2-237 
#1025 


X25C02-256 
x 8 Bit SPI Serial [2PROM 
2-99 
#1031 


X25F008-1K 
x 8 Bit SPI SerialFlash 
Memory 
2·275 
#1085 


X25F016-2K 
x 8 Bit SPI SerialFlash 
Memory 
2-275 
#1085 


X25F032-4K 
x 8 Bit SPI SerialFlash 
Memory 
2-275 
#1085 


X25F064-8K 
x 8 Bit SPI SerialFlash 
Memory 
2-275 
#1085 


X2804C-512 
x 8 Bit 5V, Byte Alterable 
[2PROM 
3-1 
#1069 


X2816C-2K 
x 8 Bit 5V, Byte Alterable 
[2PROM 
3-13 
#1032 


X28C010-128K 
x 8 Bit 5V, Byte Alterable 
[2PROM 
3-147 
#1033 


X28C256-32K 
x 8 Bit 5V, Byte Alterable 
[2PROM 
3-57 
#1035 


X28C512/X28C513-64K 
x 8 Bit 5V, Byte Alterable 
[2PROM 
3-105 
#1036 


X28C64-8K 
x 8 Bit 5V, Byte Alterable 
[2PROM 
3-25 
#1037 


X28HC64-8K 
x 8 Bit 5V, Byte Alterable 
[2PROM 
3-41 
#1041 


X28HC256-32K 
x 8 Bit 5V, Byte Alterable 
[2PROM 
3-73 
#1040 


X28HTO10-128K 
x 8 Bit 5V High Temperature, 
Byte Alterable 
[2PROM 
3-163 
#1067 


X28HT512-64K 
x 8 Bit High Tempearture 5V, 
Byte Alterable 
[2PROM 
3-121 
#1068 


X28LC512/X28LC513-64K 
x 8 Bit Low Voltage 5V, 


Byte Alterable 
[2PROM 
3-131 
#1043 


X28VC256-32K 
x 8 Bit 5V, Byte Alterable 
[2PROM 
3-89 
#1045 


X68257-32K 
x 8 Bit [2 Microperipheral 
5-39 
#1075 


X68C64-8K 
x 8 Bit [2 Microperipheral 
5-1 
#1046 


X68C64 SLlC-64K 
x 8 Bit [2 Microperipheral 
5-11 
#1074 


X68C75 SLlC-8K 
x 8 Bit Port Expander and [2 Microperipheral 
.. 5-15 
#1048 


X76041-512 
x 8 Bit PASS [2 
7-1 
#1051 


X84041-512 
x 8 Bit Micro Port Saver Serial [2PROM 
2-251 
#1052 


XB6C64-BK 
x B Bit £2 Microperiphera/ 
'920B 
/1053 


X88257-32K 
x 8 Bit [2 Microperipheral 
5-115 
#1054 


X88C64-8K 
x 8 Bit [2 Microperipheral. 
5-51 
#1060 


X88C64 SLlC-64K 
x 8 Bit [2 Microperipheral 
5-65 
#1076 


X88C75 LapKit-8K 
x 8 Bit Port Expander and [2 Microperipheral 
5-93 
#1056 


Alpha-Numeric Index 
(Cont.) 


Part 
Page 
FaxBack 


X88C75 SUC-8K 
x 8 Bit Port Expander and f2 Microperipheral .. 5-69 
#1055 
X9221-Dual 
f2PDT Nonvolatile Digital Potentiometer 
4-55 
#1057 
X9241-Quad 
f2POT Nonvolatile Digital Potentiometer 
4-69 
#1021 


X9312-f2POT 
Nonvolatile Digital Potentiometer 
4·15 
#1034 
X9313-f2POT 
Nonvolatile Digital Potentiometer 
4-23 
#1039 


X9314-Log 
Taper f2POT Nonvolatile Digital Potentiometer 
4·31 
#1047 
X9511-PushPOT 
Nonvolatile Digital Potentiometer 
4-39 
#1061 


X9514-Log 
Taper PushPOTNonvolatile Digital Potentiometer 
4-47 
#1062 
X9C102/103/104/503-f2POT 
Nonvolatile Digital Potentiometer .. 4-1 
#1058 
XK68-68HC111X68Cxx SUC f2 Development System 
8-1 
#1077 
XK76-PASS f2 De'velopment System 
8-3 
#1078 
XK76C-PASS f2 Development System (Card Reader) 
8·7 
#1079 
XK84-MPS 
f2 Development System 
8·11 
#1080 
XK88-80C311X88Cxx SUC f2 Development System 
8-13 
#1081 
XK9241-Quad 
f2POT Development System 
8-15 
#1082 
XM20C64-8K 
x 8 Bit High SpeedAUTOSTORENOVRAM 
6-1 
#1063 


XM28C010-128K 
x 8 Bit High Speed Sv, Byte Alterable £2PROM 
'92DB 
/1066 
XM28C010P-32K 
x 32 Bit High Speed 5V, 


Byte Alterable Nonvolatile Memory Array 
6-9 
#1083 
XM28C020-256K 
x 8 Bit 5V, Byte Alterable f2PROM 
6-13 
#1064 
XM28C020P-64K 
x 32 Bit High Speed 5V, 


Byte Alterable Nonvolatile Memory Array 
6·29 
#1084 
XM28C040-512K 
x 8 Bit 5V, Byte Alterable f2PROM 
6-33 
#1065 
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Precautions for the Handling of MOS Devices 


Xicor products are designed with effective input protection to prevent damage to the devices under most conditions. 
However, any MOS circuit can be catastrophically damaged by excessive electrostatic discharge or transient 
voltages. The following procedures are recommended to avoid accidental circuit damage. 


1. 
Testing MOS Circuits: 
1. 
All units should be handled directly from the conductive or antistatic plastic tube in which they were shipped 
if possible. This action minimizes touching of individual leads. 


2. 
If units are to be tested without using the tube carrier, the following precautions should be taken: 


a. 
Table surfaces which potentially will come in contact with the devices either directly or indirectly (such as 
through shipping tubes) must be metal or of another conductive material and should be electrically 
connected to the test equipment and to the test operator (a grounding bracelet is recommended). 


b. 
The units should be transported in bundled antistatic tubes or metal trays, both of which will assume a 
common potential when placed on a conductive table top. 


c. 
Do not band tubes together with adhesive tape or rubber bands without first wrapping them in aconductive 
layer. 


II. 
Test Equipment (Including Environmental Equipment): 


1. 
All equipment must be properly returned to the same reference potential (ground) asthe devices, the operator, 
and the container for the devices. 


2. 
Devices to be tested should be protected from high voltage surges developed by: 


a. 
Turning electrical equipment on or off. 
b. 
Relay switching. 
c. 
Transients from voltage sources (AC line or power supplies). 


III. Assembling MOS Devices Onto PC Boards: 
1. 
The MOS circuits should be mounted on the PC board last. 


2. 
Similar precautions should be taken as in Item 1 above, at the assembly work station. 


3. 
Soldering irons or solder baths should be at the same reference (ground) potential as the devices. 
4. 
Plastic materials which are not antistatic treated should be kept away from devices as they develop and 
maintain high levels of static charge. 
IV. Device Handling: 


1.Handling of devices should be kept to a minimum. If handling is required, avoid touching the leads directly. 


V. General: 
1. 
The handler should take every precaution that the device will see the same reference potential when moved. 
2. 
Anyone handling individual devices should develop a habit of first touching the container in which the units 
are stored before touching the units. 


3. 
Before placing the units into a PC board, the handler should touch the PC board first. 


4. 
Personnel should not wear clothing which will build up static charge. They should wear smocks and clothing 
made of 100% cotton rather than wool or synthetic fibers. 


5. 
Be careful of electrostatic build up through the movement of air over plastic material. This is especially true 
of acid sinks. 


6. 
Personnel or operators should always wear grounded wrist straps when working with MOS devices. 


7. 
A 1MQ resistance ground strap is recommended and will protect people upto 5000V AC RMS or DC by limiting 
current to 5mA. 


8. 
Antistatic ionized air equipment is very effective and useful in preventing electrostatic damage. 
9. 
Low humidity maximizes potential static problems. Maintaining humidity levels above 45% is one of the most 
effective ways to guard against static handling problems. 


SUPPLY 


BIT 
CLOCK 
PACKAGE 
(NO.PINS) 
TEMP. RANGE 
VOLTAGE 


DEVICE 
DENSITY 
ORG. 
RATE 
P(8) S(8) 
V(14) 
V(20) COM 
IND 
MIL 
1.8V - 3.6V 
FEATURES 


X25FOO8 
8K 
X8 
1MHZ 
• • 
• 
• 
• 
• 
SPI INTERFACE, BLOCKLOCK 


X25F016 
16K 
X8 
1MHZ 
• • 
• 
• 
• 
• 
SPI INTERFACE, BLaCKLOCK 


X25F032 
32K 
X8 
1MHZ 
• • 
• 
• 
• 
• 
SPI INTERFACE, BLaCKLOCK 


X25F064 
64K 
X8 
1MHZ 
• • 
• • 
• 
• 
SPI INTERFACE, BLaCKLOCK 


X24FOO8 
8K 
X8 
100KHZ • • 
• 
• 
• 
• 
2-WIRE INTERFACE, BLaCKLOCK 


X24F016 
16K 
X8 
100KHZ • • 
• 
• 
• 
• 
2-WIRE INTERFACE, BLaCKLOCK 


X24F032 
32K 
X8 
100KHZ • • 
• 
• 
• 
• 
2-WIRE INTERFACE, BLaCKLOCK 


X24F064 
64K 
X8 
100KHZ • • 
• • 
• 
• 
2-WIRE INTERFACE, BLaCKLOCK 


NO. 
SUPPLY 


CLOCK 
PACKAGE 
PINS 
TEMP. RANGE 
VOLTAGE 
BIT 


DEVICE 
DENSITY 
ORG. 
RATE 
0 
P 
S 
V 
8 
14 
COM 
IND 
MIL 
5 
3 
2.7 
FEATURES 


X24001 
128 
X8 
1MHZ 
• • • • 
• 
• 
• • • • 
TWO WIRE INTERFACE 
12V 


ONLY PROGRAMMING 


X24012 
1K 
X8 
100KHZ 
• • 
• 
• 
• 
• • • • 
TWO WIRE INTERFACE, 
SLAVE 


ADDRESS 
PIN 7 = NO CONNECT 


X24022 
2K 
X8 
100KHZ 
• • 
• 
• 
• 
• • • • 
TWO WIRE INTERFACE, 
SLAVE 


ADDRESS 
PIN 7 = NO CONNECT 


X24042 
4K 
X8 
100KHZ 
• • 
• 
• 
• 
• • • • 
TWO WIRE INTERFACE, 
SLAVE 


ADDRESS 
PIN 7 = NO CONNECT 


TWO WIRE INTERFACE, 
SLAVE 
X24164 
16K 
X8 
100KHZ 
• • 
• 
• 
• 
• • • • 
ADDRESS 
WITH DEVICE 
ADDRESSING 


X24645 
64K 
X8 
100KHZ 
• • • • • 
• 
• 
• • • • 
TWO WIRE INTERFACE 
BLOCK 


PROTECTION 


X24COO 
128 
X8 
1MHZ 
• • • • 
• 
• 
• • • • 
TWO WIRE INTERFACE 


X24C01 
1K 
X8 
100KHZ 
• • • • 
• 
• 
• • • • 
TWO WIRE INTERFACE 


X24C01A 
1K 
X8 
100KHZ 
• • 
• 
• 
• 
• • • • 
TWO WIRE INTERFACE, 
SLAVE 


ADDRESS 


X24C02 
2K 
X8 
100KHZ 
• • 
• • 
• 
• 
• • • • 
TWO WIRE INTERFACE, 
SLAVE 


ADDRESS 


X24C04 
4K 
X8 
100KHZ • • • 
• • 
• 
• 
• • • • 
TWO WIRE INTERFACE, 
SLAVE 


ADDRESS 


X24C08 
8K 
X8 
100KHZ 
• 
• • 
• 
• 
• • • • 
TWO WIRE INTERFACE, 
SLAVE 
• 
ADDRESS 


X24C16 
16K 
X8 
100KHZ • • • 
• • 
• 
• 
• • • • 


TWO WIRE INTERFACE, 
SLAVE 


ADDRESS 


X25020 
2K 
X8 
1MHZ 
• • • • 
• 
• 
• • • • 
SPI, SSIINTERFACE 
BLOCK LOCK 


X25021 
2K 
X8 
1MHZ 
• • • • 
• 
• 
• • • • 
SPI, SSIINTERFACE 
BLOCK LOCK 


X25040 
4K 
X8 
1MHZ 
• • • • 
• 
• 
• • • • 
SPI, SSI INTERFACE BLOCK LOCK 


X25041 
4K 
X8 
1MHZ 
• • • • 
• 
• 
• • • • 
SPI, SSIINTERFACE 
BLOCK LOCK 


X25043 
4K 
X8 
1MHZ 
• • • • 
• 
• 
• • • • 
WATCHDOG TIMER WITH 
E2PROM 


X25080 
8K 
X8 
2MHZ 
• • • • 
• 
• 
• • • • 
SPI, SSI INTERFACE BLOCK LOCK 


X25160 
16K 
X8 
2M HZ 
• • • • 
• 
• 
• • • • 
SPI, SSIINTERFACE 
BLOCK LOCK 


X25320 
32K 
X8 
2MHZ 
• • • • 
• 
• 
• • 
• 
SPI, SSIINTERFACE 
BLOCK LOCK 


X25640 
64K 
X8 
1MHZ 
• • 
• • 
• 
• 
• • 
SPI, SSIINTERFACE 
BLOCK LOCK 


X25642 
64K 
X8 
2MHZ 
• • • • 
• 
• 
• • 
• 
SPI, SSI INTERFACE BLOCK LOCK 


X25128 
128K 
X8 
2MHZ 
• • 
• 
16 • 
• 
• • 
• 
SPI, SSIINTERFACE 
BLOCK LOCK 


X25C02 
2K 
X8 
1MHZ 
• • 
• 
• 
• 
• • 
SPI, SSIINTERFACE 


SUPPLY 


BIT 
CLOCK 
PACKAGE 
NO. 
TEMP. RANGE 
VOLTAGE 


DEVICE 
DENSITY 
ORG. 
RATE 
D 
P 
S 
PINS 
COM 
IND 
MIL 
5 
3 
2.7 
FEATURES 


X24C44 
256 
X16 
1MHZ 
• • 
8 
• 
• 
• 
• 
NONVOLATILE 
STATIC RAM 


X24C45 
256 
X16 
1MHZ 
• • 
8 
• 
• 
• 
• 
NONVOLATILE 
STATIC RAM WITH 


AUTOSTORE'" 


X25401 
256 
X16 
1MHZ 
8 
• 


SPI INTERFACE 
NONVOLATILE 
• • 
• 
• 
• 
STATIC RAM WITH AUTOSTORE'" 


FASTEST 
PACKAGE 
OPTIONS, 


BIT 
ACCESS 
NO. OF PINS 


PART # 
DENSITY 
ORG. 
TIM!: (NS) 
D 
P 
J 
E 
S 
T 
K 
FEATURE & COMMENTS 


X20C04 
4K 
X8 
150 
28 
28 
32 
32 
CMOS NONVOLATILE 
STATIC RAM 


X20C05 
4K 
X8 
35 
28 
28 
32 
32 
HIGH SPEED CMOS NONVOLATILE 
STATIC 


RAM WITH AUTOSTORE@ 


X20C16 
16K 
X8 
35 
28 
28 
32 
32 
28 
32 
HIGH SPEED CMOS NONVOLATILE 
STATIC 


RAM WITH AUTOSTORE@ 


X20C17 
16K 
X8 
35 
24 
24 
HIGH SPEED CMOS NOVRAM, 24 PIN JEDEC 
SRAM PINOUT 


X22C10 
256 
X4 
120 
18 
18 
16 
CMOS NIBBLE WIDE NONVOLATILE 
STATIC 


RAM 


X22C12 
1K 
X4 
150 
18 
18 
20 
CMOS NIBBLE WIDE NONVOLATILE 
STATIC 


RAM 


XM20C64 
64K 
X8 
55 
28 
66 
HIGH SPEED NOVRAM; FULL MILITARY 


ACCESS 
PACKAGE 
TEMP. RANGE 
BIT 
TIME 
NO. 
SUPPLY 


DEVICE 
DENSI!Y 
ORG 
(NS) 
D J 
L 
P 
S 
PINS 
COM 
INO 
MIL 
VOLTAGE 
FEATURES 


DUAL PLANE, CONCURRENT 
READ 


X68C64 
64K 
X8 
120 
• 
• • 
24 
• 
• 
• 
5V 
& WRITE MOTOROLA 
68XX INTER- 


FACE. 


DUAL PLANE, CONCURRENT 
READ 


X68C64 
64K 
X8 
120 
24 
5V 
& WRITE MOTOROLA 
68XX INTER- 
SLiC 
• 
• • 
• 
• 
• 
FACE WITH SELF LOADING 
INTE- 


GRATED CODE. 


DUAL PLANE/CONCURRENT 
READ & 


X68C75 
64K 
X8 
120 
48, 
5V 
WRITE WITH TWO PORT EXPANSION 
SLiC 
• • • • 
44 
• 
• 
• 
WITH SELF LOADING INTEGRATED 
CODE. 


X86C64 
64K 
X8 
120 
• 
• • 
24 
• 
• 
• 
5V 
DUAL PLANE, CONCURRENT 
READ 


& WRITE ZILOG 86XX INTERFACE. 


X88C64 
64K 
X8 
120 
• 
• • 
24 
• 
• 
• 
5V 
DUAL PLANE, CONCURRENT 
READ 
& WRITE INTEL 88XX INTERFACE. 


DUAL PLANE, CONCURRENT 
READ 


X88C64 
64K 
X8 
120 
24 
5V 
& WRITE INTEL 88XX INTERFACE 
SLiC 
• 
• • 
• 
• 
• 
WITH SELF LOADING INTEGRATED 
CODE. 


DUAL PLANE/CONCURRENT 
READ & 
X88C75 
64K 
X8 
120 
• • 


48, 
5V 
WRITE WITH TWO PORT EXPANSION 


. SLiC 
• • 
44 
• 
• 
• 
WITH SELF LOADING INTEGRATED 
CODE. 


TEMP. RANGE 
SUPPLY- 
RESISTANCE 
CLOCK 
NO. 
DEVICE 
(OHMS) 
SPEED 
D 
P 
S 
V 
PINS 
COM 
IND 
MIL 
VOLTAGE 
FEATLIRES 


X9241M 
2K,10K,10K, 
100KHZ 
• • • 
20 
• 
• 
• 
3V,5V 
QUAD, DIRECT POSITION 
READ 
50K 
AND WRITE 2-WIRE BUS 


X9241U 
50K,50K,50K, 
100KHZ 
• • • 
20 
• 
• 
• 
3V,5V 
QUAD, DIRECT POSITION 
READ 
50K 
AND WRITE 2-WIRE BUS 


X9241W 
10K,10K,10K, 
100KHZ 
• • • 
20 
• 
• 
• 
3V,5V 
QUAD, DIRECT POSITION READ 
10K 
AND WRITE 2-WIRE BUS 


X9241Y 
2K,2K,2K,2K 
100KHZ 
• • • 
20 
• 
• 
• 
3V,5V 
QUAD, DIRECT POSITION 
READ 
AND WRITE 2-WIRE BUS 


X9312T 
WOK 
250KHZ 
• • • 
8 
• 
• 
• 
5\1 
100 STEP, OV TO 15V 


X9312U 
50K 
250KHZ 
• • • 
8 
• 
• 
• 
5V 
100 STEP, OV TO 15V 


X9312W 
10K 
250KHZ 
• • • 
8 
• 
• 
• 
5V 
100 STEP, OV TO 15V 


X9312Z 
1K 
250KHZ 
• • • 
8 
• 
• 
• 
5V 
100 STEP, OVTO 15V 


X9313T 
100K 
250KHZ 
• • • 
8 
• 
• 
• 
3V,5V 
32 STEP, -5V TO +5V 


X9313U 
50K 
250KHZ 
• • • 
8 
• 
• 
• 
3V,5V 
32 STEP, -5V TO +5V 


X9313W 
10K 
250KHZ 
• • • 
8 
• 
• 
• 
3V,5V 
32 STEP, -5V TO +5V 


X9313Z 
1K 
250KHZ 
• • • 
8 
• 
• 
• 
3V,5V 
32 STEP, -5V TO +5V 


X9314W 
10K 
250KHZ 
• • • 
8 
• 
• 
• 
3V,5V 
32 STEP, -5V TO +5V, LOG 
TAPER 


X9511W 
10K 
250KHZ 
• • 
8 
• 
• 
• 
5V 
32 STEP, PUSH POT 


X9511Z 
1K 
250KHZ 
• • 
8 
• 
• 
• 
5V 
32 STEP, PUSH POT 


X9514W 
10K 
250KHZ 
• • 
8 
• 
• 
• 
5V 
32 STEP. LOG TAPER, PUSHPOT 


X9C102 
1K 
250KHZ 
• • • 
8 
• 
• 
• 
SV 
100 STEP, -5V TO +5V 


X9C103 
10K 
250KHZ 
• • • 
8 
• 
• 
• 
5V 
100 STEP, -5V TO +5V 


X9C104 
100K 
250KHZ 
• • • 
8 
• 
• 
• 
5V 
100 STEP, -5V TO +5V 


X9C503 
50K 
250KHZ 
• • • 
8 
• 
• 
• 
5V 
100 STEP, -5V TO +5V 


SUPPLY 


BIT 
CLOCK 
PACKAGE 
TEMP. RANGE 
VOLTAGE 
NO. 
DEVICE 
DESITY 
ORG. 
RATE 
D 
P 
A 
PINS 
COM 
IND 
MIL 
5 
3 
2.7 
FEATURES 


X76041 
4K 
X8 
1MHZ 
• • 
8 
• 
(3) 64 BIT PASSWORDS 
(READ, 


WRITE, CONFIGURATION) 


MICRO 
PORT 
SAVERTM E2PROM 


SUPPLY 


BIT 
ORG 
ACCESS 
PACKAGE 
NO. 
TEMP. RANGE 
VOLTAGE 


DEVICE 
DENSITY 
TIME (NS) 
D 
P 
S 
PINS 
COM 
IND 
MIL 
5 
3 
2.7 


X84041 
4K 
X8 
45 
• 
8 
• 
• 


FEATURES 


PARALLEL 
BUS INTERFACE 
(CE, WE, OE, I/O), 3.3 MBPS 
DATA TRANSFER 
RATE 


FASTEST 
PACKAGE OPTIONS, 


NO. OF PINS 
BIT 
ACCESS 


PART # 
DENSITY 
ORG. 
TIME (NS) 
0 
P 
J 
E 
S 
F 
K 
T 
FEATURES 
& COMMENTS 


X2804C 
4K 
X8 
250 
24 
24 
5V, ELECTRICALLY 
BYTE ALTERABLE 


E2PROM 


X2816C 
16K 
X8 
90 
24 
24 
32 
32 
24 
5V, ELECTRICALLY 
BYTE ALTERABLE 


E2PROM 


X2864B 
64K 
X8 
150 
28 
28 
32 
32 
5V, BYTE ALTERABLE 
E2PROM 


X28C64 
64K 
X8 
150 
28 
28 
32 
32 
28 
28 
28 
32 
5V, BYTE ALTERABLE 
CMOS E2PROM 


X28HC64 
64K 
X8 
55 
28 
28 
32 
32 
28 
28 
28 
32 
5V, HIGH SPEED, BYTE ALTERABLE 
CMOS 


E2PROM 


X28C256 
256K 
X8 
150 
28 
28 
32 
32 
28 
28 
28 
32 
5V, HIGH SPEED, BYTE ALTERABLE 
CMOS 


E2PROM 


X28HC256 
256K 
X8 
70 
28 
28 
32 
32 
28 
28 
28 
32 
5V, HIGH SPEED, BYTE ALTERABLE 
CMOS 


E2PROM 


X28VC256 
256K 
X8 
45 
28 
28 
32 
32 
28 
28 
28 
32 
5V, VERY HIGH SPEED, BYTE ALTERABLE, 
CMOS E2PROM 


X28C512 
512K 
X8 
90 
32 
32 
32 
32 
32 
36 
40 
5V, BYTE ALTERABLE 
CMOS E2PROM 


X28C513 
512K 
X8 
90 
32 
32 
256K TO 512K PLCC AND LCC UPGRADE 
PATH 


X28C010 
1M 
X8 
120 
32 
32 
32 
32 
32 
32 
36 
40 
5V, BYTE ALTERABLE, 
CMOS E2PROM 


X28HT512 
512K 
X8 
200 
32 
32 
36 
5V, HIGH TEMPERATURE 
(170°C) 
OPERATION 


X28HT010 
1M 
X8 
200 
32 
32 
5V, HIGH TEMPERATURE 
(170°) 


OPERATION 


X28LC512 
512K 
X8 
150 
32 
32 
32 
40 
3.3V, BYTE ALTERABLE 
CMOS EEPROM 


X28LC513 
512K 
X8 
150 
32 
3.3V, BYTE ALTERABLE 
CMOS EEPROM 


XM28C010 
1M 
X8 
70 
32 
66 
5V, HIGH SPEED BYTE ALTERABLE 
CMOS 


E2PROM 


XM28C020 
2M 
X8 
150 
32 
66 
5V, HIGH SPEED BYTE ALTERABLE 
CMOS 


E2PROM 


XM28C040 
4M 
X8 
150 
32 
66 
5V, HIGH SPEED BYTE ALTERABLE 
CMOS 


E2pROM 


XICOR PART 
FASTEST 
PLCCI 
FLAT 


NUMBER 
ORGANIZATION 
SPEEDS' 
CERDIP 
LCC 
PACK 
PGA 
SMD# 


NOVRAMS 


X20C04 
512 X 8 
200NS 
28 
32 


X20C05 
512 X 8 
45NS 
28 
32 


X20C16 
2KX 
8 
45NS 
28 
32 


X22C10 
64X4 
120NS 
18 


X22C12 
256X4 
120NS 
18 


SERIAL NOVRAMS 


X24C44 
16X 
16 
1MHZ 
8 


X24C45 
16X 
16 
1MHZ 
8 


SERIAL E2pROMS 


X24C04 
512X 
8 
100KHZ 
8 


X24C16 
2KX8 
100KHZ 
8 


E2POTENTIOMETERS 


X9241 
2Kn, 
10Kn, 50Kn, 
20 
COMBO 


X9C102 
1Kn 
8 


X9C103 
10Kn 
8 


X9C104 
100Kn 
8 


X9C503 
50Kn 
8 


5 VOLT, BYTE ALTERABLE 
E2pROMS 


X28C64 
8KX8 
150NS 
28 
32 
28 
28 
5962-87514 


X28HC64 
8KX8 
70NS 
28 
32 
28 
28 


X28C256 
32K X 8 
200NS 
28 
32 
28 
28 
5962-88525 


X28HC256 
32K X 8 
70NS 
28 
32 
28 
28 
5962-88634 


X28VC256 
32K X 8 
55NS 
38 
32 
28 
28 
5962-88634 


X28C512 
64KX8 
120NS 
32 
32 
32 
36 
5962-90869 


X28C513 
64KX8 
120NS 
32 
5962-90869 


X28C010 
128K X 8 
120NS 
32 
32 
32 
36 
5962-38267 


MICROCONTROLLER 
PERIPHERAL 
MEMORY 


X68C64 
8KX8 
120NS 
24 
32 


X68C64 SUC 
8KX8 
120NS 
24 
32 


X86C64 
8KX8 
120NS 
24 
32 


X88C64 
8KX8 
120NS 
24 
32 


X88C64 SUC 
8KX 8 
120NS 
24 
32 


TEMP. RANGES 
BASE 
QTY 
XlCORPIN 
CON FIG 
PIN # 
PKG 
SUBSTRATE 
cn 
M 
HR 
COMPONENT 
PER 


XM20C64 
8K X 8 
28 
DIP 
CERAMIC 
X 
X 
X 
X20C16E 
4 


XM20C64P 
8KX8 
66 
PGA 
CERAMIC PUMA 
X 
X 
X 
X20C16E 
4 


XM28C010 
128K X 8 
32 
DIP 
CERAMIC 
X 
X 
X 
X28VC256E 
4 


XM28C010P 
32K X 32 
66 
PGA 
CERAMIC PUMA 
X 
X 
X 
X28VC256E 
4 


XM28C020 
256 X 8 
32 
DIP 
CERAMIC 
X 
X 
X 
X28C513E 
4 


XM28C020P 
64K X 32 
66 
PGA 
CERAMIC PUMA 
X 
X 
X 
X28C513E 
4 


XM28C040 
512K X 8 
32 
DIP 
CERAMIC 
X 
X 
X 
X28C010N 
4 


XM28C040P 
128K X 32 
66 
PGA 
CERAMIC PUMA 
X 
X 
X 
X28C010E 
4 


PARALLEL 
E2PROM 
XXXXX 
o,v,c,r-I 


PART NUMBER 


XXXXX 


DEVICE 
T 
PART NUMBER 
~ 


T1 = TAPE AND REEL 


ACCESS TIME 


BLANK = 300NS 
-25= 
250 NS 
-20 = 200 NS 
-15 = 150 NS 
-90 = 90 NS 
-70=70NS 
-55 = 55 NS 
-45 = 45 NS 
-35 = 35 NS 


TEMPERATURE 
RANGE 
BLANK = O°C TO +70°C 
I = -40°C TO +85°C 
M = -55°C TO +125°C 
MHR = MILITARY HIGH REL 
MB = MIL-STD-883 


PACKAGE 
P = PLASTIC DIP 
J = PLCC 
D=CERDIP 
E = CERAMIC LCC 
S=SOIC 
F= FLAT PACK 
K = PIN GRID ARRAY 
R = CERAMIC SOIC 
N = STRETCHED 
CERAMIC LCC 


T=TSOP 
L=TQFP 


SPECIAL REQUIREMENT 
T1 = TAPE AND REEL 


Vcc RANGE 
BLANK = 4.5V TO 5.5V 
-3 = 3V TO 5.5V 
-2.7= 
2.7V TO 5.5V 


TEMPERATURE 
RANGE 
BLANK = O°C TO +70cC 
I = -40°C TO +70°C 
M = -55°C TO +125°C 
MB = MIL-STD-883 


PACKAGE 
D =CERDIP 
P = PLASTIC DIP 
S= SOIC 
S8 = 8 LEAD SOIC 
S14 = 14 LEAD SOIC 
A = 8 LEAD SOIC (EIAJ) 
V=TSSOP 


-xx 
T1 


~ 


BLANK = 8 LEAD SOIC 
P=PLASTIC 
S = SOIC 
D=CERDIP 


LETTER CODE 


VCC 
4.5VT05.5V 
3.0VT05.5V 
2.7VT05.5V 


TEMP. RANGE 
COM 
IND 
MIL 
BLANK 
I 
M 
D 
E 
F 
G 


iCOP 
® 


NOVRAM@ Data 
Sheets 
1 


,--s_e_ria_l_p_rO_d_u_ct_s_D_at_a_S_h_ee_t_s 
_ 


~B_Yt_e._W_id_e_E_2p_R_O_M_D_a_ta_S_h_ee_ts 
• 


I--E_2P_O_TT_M 
_Da_t_a_Sh_e_et_s 
_ 


~M_e_rn_O_rY_M_O_du_l_es 
• 


~S_ta_n_d_A_lo_n_e_p_r_Od_u_c_ts 
• 


~D_e_ve_l_op_rn_e_n_t_S_Ys_t_ern_D_at_a_s._h_e_et_s__ 
• 


~A_P_p_IiC_a_ti_o_n_N_ot_e_s 
• 


_D_ie_p_r_O_du_c_ts 
--oEl 


~M_i_lit_a_rY_p_r_O_du_c_ts 
~ 
•• 


_G_en_e_r_a,_,_nf_o_rrn_a_t_io_n 
-----olll 


NOVRAM is Xicor's nonvolatile static RAM device tamily, 
E2pOT'" is a trademark of Xicor, Inc. 


iCOP 


® 


FEATURES 


• High 
Performance 
CMOS 
-120ns 
RAM Access 
Time 
• High 
Reliability 
-Store 
Cycles: 
1,000,000 
-Data 
Retention: 
100 Years 
• Low 
Power 
Consumption 
-Active: 
40mA 
Max. 
-Standby: 
100J.lA Max. 
• Infinite 
Array 
Recall, 
RAM Read and Write 
Cycles 
• Nonvolatile 
Store 
Inhibit: 
Vcc = 3.5V Typical 
• Fully 
TTL and 
CMOS 
Compatible 
• JEDEC 
Standard 
18-Pin 
300-mil 
DIP 
• 100% Compatible 
with 
X2210 
-With 
Timing 
Enhancements 


DESCRIPTION 


The X22C10 
is a 64 x 4 CMOS 
NOVRAM 
featuring 
a 


high-speed 
static 
RAM overlaid 
bit-for-bit 
with a non- 


volatile 
E2pROM. 
The NOVRAM 
design 
allows 
data to 


be easily transferred 
from 
RAM to E2pROM 
(STORE) 


and from 
E2pROM 
to RAM 
(RECALL). 
The 
STORE 


operation 
is completed 
within 
5ms 
or 
less 
and 
the 


RECALL 
is completed 
within 
1~s. 


Xicor NOVRAMs 
are designed 
for unlimited 
write opera- 


tions 
to the 
RAM, 
either 
RECALLs 
from 
E2pROM 
or 


writes 
from the host. The X22C10 
will reliably 
endure 


1,000,000 
STORE 
cycles. 
Inherent 
data 
retention 
is 


greater 
than 100 years. 
-- 


NONVOLATILEE2PROM 
MEMORYARRAY 


INPUT 
DATA 
CONTROL 


PIN CONFIGURATION 


PLASTIC DIP 
CERDIP 


NC 
1 
18 
VCC 


A4 
2 
17 
NC 


A3 
3 
16 
A5 
A2 
4 
15 
1/04 


A1 
5 
X22C10 14 
1/03 
AO 
6 
13 
1/02 


CS 
7 
12 
1/01 
-vCC 
VSS 
8 
11 
WE 
-VSS 
STORE 
9 
10 
RECALL 


3015 
FHO F02 


sOle 


A4 
1 
16 
VCC 


A3 
2 
15 
A5 


A2 
3 
14 
1/04 


A1 
4 
13 
1/03 
X22C10 
Ao 
5 
12 
1/02 
cs 
6 
11 
1/01 
VSS 
7 
10 
WE 


3815 
FHD F01 
STORE 
8 
9 
RECALL 


3815 
FHD 
F08.1 


PIN DESCRIPTIONS 
AND 
DEVICE 
OPERATION 


Addresses 
(Ao-As) 


The 
address 
inputs 
select 
a 4-bit 
memory 
location 


during 
a read or write operation. 


Chip 
Select 
(CS) 


The Chip Select 
input must be LOW to enable 
read or 


write operations 
with the RAM array. CS HIGH will place 


the I/O pins in the high impedance 
state. 


Write 
Enable 
(WE) 


The Write 
Enable 
input controls 
the I/O buffers, 
deter- 


mining 
whether 
a RAM 
read or write 
operation 
is en- 


abled. When 
CS is LOW and WE is HIGH, the I/O pins 


will output 
data from the selected 
RAM address 
loca- 


tions. When both CS and WE are LOW, data presented 
at the I/O pins will be written 
to the selected 
address 


location. 


Data In/Data 
Out (V01-I/04) 


Data is written 
to or read from the X22C10 
through 
the 


I/O pins. The I/O pins are placed in the high impedance 
state when either CS is HIGH or during either a store or 
recall operation. 


STORE 


The STORE 
input, when LOW, will initiate the transfer of 


the entire 
contents 
of the RAM array 
to the E2PROM 


array. The WE and RECALL 
inputs are inhibited 
during 


the store cycle. The store operation 
is completed 
in 5ms 


or less. 


A store 
operation 
has 
priority 
over 
RAM 
read/write 


operations. 
If STORE 
is asserted 
during a read opera- 
tion, the read will be discontinued. 
If STORE 
is asserted 


during 
a RAM write operation, 
the write will be immedi- 


ately terminated 
and the store performed. 
The data at 


the RAM address 
that was being written will be unknown 


in both the RAM and E2pROM 
arrays. 


RECALL 


The RECALL 
input, when LOW, will initiate the transfer 


of the entire contents 
of the E2PROM 
array to the RAM 


array. The transfer 
of data will be completed 
in 1).ts or 


less. 


An array recall has priority over RAM read/write 
opera- 


tions and will terminate 
both operations 
when RECALL 
is asserted. 
RECALL 
LOW will also inhibit the STORE 


input. 


Automatic 
Recall 


Upon 
power-up 
the 
X22C10 
will 
automatically 
recall 


data from the E2pROM 
array into the RAM array. 


Write 
Protection 


The X22C10 
has three 
write 
protect 
features 
that are 


employed 
to protect 
the 
contents 
of the 
nonvolatile 


memory. 


• Vcc Sense-All 
functions 
are inhibited 
when 
Vcc 
is 


<3.5V typical. 


• Write 
Inhibit-Holding 
either 
STORE 
HIGH 
or 


RECALL 
LOW during 
power-up 
or power-down 
will 


prevent 
an inadvertent 
store operation 
and E2PROM 


data integrity 
will be maintained. 


• Noise 
Protection-A 
STORE 
pulse 
of typically 
less 
than 20ns will not initiate a store cycle. 


Symbol 
Description 


Ao-As 
Address 
Inputs 


1/01-1/04 
Data Inputs/Outputs 


WE 
Write 
Enable 


CS 
Chip Select 


RECALL 
Recall 


STORE 
Store 


Vcc 
+5V 


Vss 
Ground 


NC 
No Connect 


ABSOLUTE MAXIMUM RATINGS 
Temperature 
under 
Bias 
-65°C 
to +135°C 


Storage 
Temperature 
-65°C 
to +150°C 


Voltage 
on any Pin with 
Respect 
to VSS 
-1 V to +7V 


D.C. Output 
Current 
5mA 


Lead Temperature' 


(Soldering, 
10 seconds) 
300°C 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 
_ 
indicated in the operational 
sections of this specification 
is 
_ 
not implied. Exposure to absolute 
maximum 
rating condi- 


tions for extended 
periods 
may affect device 
reliability. 


Supply Voltage 


X22C10 


Limits 


5V±10% 


3815 PGMT13 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Icc 
Vcc 
Supply 
Current, 
40 
mA 
CS = VIL, II0s = Open, 
All Others 
= 
RAM ReadlWrite 
VIH, Addresses 
= 0.4V/2.4V 
Levels 
@ 


f= 
8M Hz 


IS81 
Vcc 
Standby 
Current 
2 
mA 
Store or Recall 
Functions 
Not Active, 
(TTL Inputs) 
II0s = Open, 
All Other 
Inputs = VIH 


IS82 
Vcc Standby 
Current 
100 
/lA 
Store or Recall functions 
Not Active, 
(CMOS 
Inputs) 
II0s = Open, All Other 
Inputs = 


Vcc-o·3V 


III 
Input Leakage 
Current 
10 
/lA 
VIN = Vss to Vcc 


ILO 
Output 
Leakage 
Current 
10 
!1A 
VOUT = Vss to Vcc 


VIL(2) 
Input LOW Voltage 
-1 
0.8 
V 


VIH(2) 
Input HIGH Voltage 
2 
Vcc 
+ 1 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL = 4.2mA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH =-2mA 


Symbol 
Parameter 
Max. 
Units 
Test Conditions 


CI/O(1) 
Input/Output 
Capacitance 
8 
pF 
VI/O = OV 
CIN(1) 
Input Capacitance 
6 
pF 
VIN= 
OV 


Noles: 
(1) This parameter is periodically sampled and not 100% tested. 
(2) 
VIL min. and VIH max. are for reference only and are not tested. 


CE 
WE 
RECALL 
STORE 
1/0 
Mode 


H 
X 
H 
H 
Output 
High Z 
Not Selected(3) 


L 
H 
H 
H 
Output 
Data 
Read RAM 


L 
L 
H 
H 
Input Data HIGH 
Write "1" RAM 


L 
L 
H 
H 
Input Data LOW 
Write "0" RAM 


X 
H 
L 
H 
Output 
High Z 
Array 
Recall 


H 
X 
L 
H 
Output 
High Z 
Array Recall 


X 
H 
H 
L 
Output 
High Z 
Nonvolatile 
Store(4) 


H 
X 
H 
L 
Output 
High Z 
Nonvolatile 
Store(4) 


Parameter 
Min. 
Units 


Endurance 
100,000 
Data Changes 
Per Bit 


Store Cycles 
1,000,000 
Store Cycles 


Data Retention 
100 
Years 


Symbol 
Parameter 
Max. 
Units 


tpUR(5) 
Power-up 
to Read Operation 
100 
I-ls 


tpuw(5) 
Power-up 
to Write or Store Operation 
5 
ms 


Input Pulse Levels 
OV to 3V 


Input Rise and 
Fall Times 
10ns 


Input and Output 
Timing 
Levels 
1.5V 


Notes: 
(3) 
Chip is deselected 
but may be automatically 
completing a store cycle. 


(4) 
STORE = LOW is required only to initiate the store cycle, after which the store cycle will be automatically 
completed 
(e.g. STORE = X). 
(5) 
tpUR and tpuw 
are the delays required from the time Vcc is stable until the specified operation can be initiated. These 
parameters 
are periodically sampled and not 100% tested. 


A.C. CHARACTERISTICS (Over the recommended 
operating 
conditions, 
unless 
otherwise 
specified. 


Read Cycle Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 


tRC 
Read Cycle Time 
120 
ns 


tAA 
Access 
Time 
120 
ns 


tco 
Chip Select to Output 
Valid 
120 
ns 


tOH 
Output 
Hold from Address 
Change 
0 
ns 


tLZ(6) 
Chip Select to Output 
in Low Z 
0 
ns 


tHZ(6) 
Chip Deselect 
to Output 
in High Z 
50 
ns -- 


Symbol 
Parameter 
Min. 
Max. 
Units 


twc 
Write 
Cycle Time 
120 
ns 


tcw 
Chip Select to End of Write 
90 
ns 


tAS 
Address 
Setup Time 
0 
ns 


twP 
Write 
Pulse Width 
90 
ns 


tWR 
Write 
Recovery 
Time 
0 
ns 


tow 
Data Valid to End of Write 
40 
ns 


tOH 
Data Hold Time 
0 
ns 


twz 
Write 
Enable to Output 
in High Z 
50 
ns 


tow 
Output 
Active 
from End of Write 
0 
ns 


lOW 
IOH 


OATAVALIO 


Symbol 
Parameter 
Min. 
Max. 
Units 


tRCC 
Array 
Recall Time 
1 
J.l.S 


tRCp(7) 
Recall 
Pulse Width 
90 
ns 


tRCZ 
Recall to Output 
in High Z 
50 
ns 


tORC 
Output 
Active 
from End of Recall 
0 
ns 


tARC 
Recalled 
Data Access 
Time from End of Recall 
150 
ns 


'lXXXXXXXXXY!-......txx~xxx~x--'-- 
_ 
tRCC 
-- 


Symbol 
Parameter 
Min. 
Max. 
Units 


tSTC 
Internal 
Store 
Time 
5 
ms 


tSTP 
Store 
Pulse 
Width 
90 
ns 


tSTZ 
Store 
to Output 
in High 
Z 
50 
ns 


tOST 
Output 
Active 
from 
End 
of Store 
0 
ns 


tsTP----1, 
JIIIIII! 


SYMBOL 
TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 


steady 
steady 


JIr 


May change 
Will change 


from LOW 
from LOW 
to HIGH 
to HIGH 


~ 


May change 
Will change 


from HIGH 
from HIGH 
to LOW 
to LOW 


XXXX 


Don't Care: 
Changing: 


Changes 
State Not 


Allowed 
Known 
H 


N/A 
Center Line 
is High 
Impedance 


X22C10 
T 


xl= 


Store Cycles 
Blank = 1,000,000 


Temperature 
Range 
Blank = Commercial = O°Cto +70°C 
I = Industrial = -40°C to +85°C 
M = Military = -55°C to +125°C 
MB = MIL-STD-883 


Package 
P = 18-Lead Plastic DIP 
D = 18-Lead Cerdip 
S = 16-Lead SOIC (150 mil) 


LIMITED WARRANTY 


Devices 
sold by Xicor, 
Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms of Sale only. Xicor, Inc. makes 
no warranty. 


express. 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent 
infringement. 


Xicor, Inc. makes no warranty 
of merchantability 
or fitness for any purpose. 
Xicor. Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 
prices at any time and without 
notice. 


Xicor, 
Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4,263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 
4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 967; 4,883, 
976. Foreign 
patents 
and 
additional 
patents 
pending. 


LIFE RELATED 
POLICY 


In situations 
where 
semiconductor 
component 
failure may endanger 
life, system 
designers 
using this product should design the system 
with appropriate 
error 
detection 
and correction, 
redundancy 
and back-up 
features 
to prevent 
such an occurence. 


Xicor's 
products 
are not authorized 
for use in critical components 
in life support devices 
or systems. 
1. Life support 
devices 
or systems 
are devices 
or systems 
which, (a) are intended 
for surgical 
implant 
into the body, or (b) support 
or sustain 
life, and whose 
failure to perform, 
when properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 
injury to the user. 


2. A critical component 
is any component 
of a life support device or system whose failure to perform 
can be reasonably 
expected 
to cause the failure of the life 
support 
device 
or system, 
or to affect its safety or effectiveness. 


-- 


X22C10 


FEATURES 


• High Performance 
CMOS 
-150ns 
RAM Access Time 


• High Reliability 
-Store 
Cycles: 1,000,000 
-Data 
Retention: 
100 Years 
• Low Power Consumption 


-Active: 
40mA Max. 
-Standby: 
1001lA Max. 


• Infinite Array Recall, RAM Read and Write Cycles 
• Nonvolatile 
Store Inhibit: Vcc = 3.5V Typical 


• Fully TTL and CMOS Compatible 
• JEDEC Standard 18-Pin 300-mil DIP 
• 100% Compatible 
with X2212 
-With 
Timing Enhancements 


-- 


DESCRIPTION 


The X22C12 is a 256 x 4 CMOS NOVRAM featuring a 
high-speed static RAM overlaid bit-for-bit with a non- 
volatile E2PROM. The NOVRAM design allows data to 
be easily transferred from RAM to E2pROM (STORE) 
and from E2PROM to RAM (RECALL). The STORE 
operation is completed within 5ms or less and the 
RECALL is completed within 1J1.s. 


Xicor NOVRAMs are designed for unlimited write opera- 
tions to the RAM, either RECALLs from E2pROM or 
writes from the host. The X22C12 will reliably endure 
1,000,000 STORE cycles. Inherent data retention is 
greater than 100 years. 


NONVOLATILE E2PROM 


MEMORY ARRAY 


INPUT 
DATA 


CONTROL 


A7 


A4 


A3 


A2 


A1 
AO 
cs 
Vss 
STORE 


Vcc 


A6 


A" 
1/04 


1/03 


1/°2 


1/01 


WE 


RECALL 


A7 
A4 


A3 
A2 


A1 


AO 
Cs 


VSS 


STORE 


RECALL 


PIN DESCRIPTIONS AND DEVICE OPERATION 


Addresses 
(Ao-A7) 


The address inputs select a 4-bit memory location 
during a read or write operation. 


Chip Select (CS) 


The Chip Select input must be LOW to enable read or 
write operations with the RAM array. CS HIGH will place 
the I/O pins in the high impedance state. 


Write Enable (WE) 


The Write Enable input controls the I/O buffers, deter- 
mining whether a RAM read or write operation is en- 
abled. When CS is LOW and WE is HIGH, the I/O pins 
will output data from the selected RAM address loca- 
tions. When both CS and WE are LOW, data presented 
at the I/O pins will be written to the selected address 
location. 


Data In/Data Out (U01-I/04) 


Data is written to or read from the X22C12 through the 
I/O pins. The I/O pins are placed in the high impedance 
state when either CS is HIGH or during either a store or 
recall operation. 


STORE 


The STORE input, when LOW, will initiate the transfer of 
the entire contents of the RAM array to the E2pROM 
array. The WE and RECALL inputs are inhibited during 
the store cycle. The store operation iscompleted in 5ms 
or less. 


A store operation has priority over RAM read/write 
operations. If STORE is asserted during a read opera- 
tion, the read will be discontinued. If STORE is asserted 
during a RAM write operation, the write will be immedi- . 
ately terminated and the store performed. The data at 
the RAM address that was being written will be unknown 
in both the RAM and E2pROM arrays. 


RECALL 


The RECALL input, when LOW, will initiate the transfer 
of the entire contents of the E2pROM array to the RAM 
array. The transfer of data will be completed in 1Jls or 
less. 


An array recall has priority over RAM read/write opera- 
tions and will terminate both operations when RECALL 
is asserted. RECALL LOW will also inhibit the STORE 
input. 


Automatic 
Recall 


Upon power-up the X22C12 will automatically recall 
data from the E2pROM array into the RAM array. 


Write Protection 


The X22C12 has three write protect features that are 
employed to protect the contents of the nonvolatile 
memory. 


• Vcc Sense-All 
functions are inhibited when Vcc is 
<3.5V typical. 


• Write 
Inhibit-Holding 
either 
STORE 
HIGH 
or 
RECALL LOW during power-up or power-down will 
prevent an inadvertent store operation and E2pROM 
data integrity will be maintained. 


• Noise Protection-A 
STORE pulse of typically less 
than 20ns will not initiate a store cycle. 


Symbol 
Description 
Ao-A7 
Address Inputs 


1/01-1/04 
Data Inputs/Outputs 
WE 
Write Enable 
CS 
Chip Select 
RECALL 
Recall 
STORE 
Store 


Vcc 
+5V 
Vss 
Ground 
NC 
No Connect 


ABSOLUTE 
MAXIMUM 
RATINGS 


Temperature 
under 
Bias 
-65°C 
to + 135°C 


Storage 
Temperature 
-65°C 
to +150°C 


Voltage 
on any Pin with 
Respect 
to VSS 
-1V 
to +7V 
D.C. Output 
Current 
5mA 
Lead Temperature 


(Soldering, 
10 seconds) 
300°C 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 
_ 
indicated in the operational 
sections of this specification 
is 
_ 
not implied. Exposure to absolute 
maximum 
rating condi- 


tions for extended 
periods 
may affect device 
reliability. 


Supply 
Voltage 


X22C12 


Limits 


5V±10% 


3817 
PGM 
T13 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test 
Conditions 


Ice 
Vce Supply 
Current, 
40 
mA 
CS = VIL, II0s = Open, 
All Others 
= 
RAM ReadlWrite 
VIH, Addresses 
= 0.4V/2.4V 
Levels 
@ 


f = 8MHz 


IS81 
Vcc 
Standby 
Current 
2 
mA 
Store or Recall 
Functions 
Not Active, 


(TIL 
Inputs) 
1I0s = Open, All Other 
Inputs = VIH 


IS82 
Vec Standby 
Current 
100 
~A 
Store or Recall functions 
Not Active, 


(CMOS 
Inputs) 
1I0s = Open, 
All Other 
Inputs = 
Vce -Q.3V 


III 
Input Leakage 
Current 
10 
~A 
VIN = Vss to Vcc 


ILO 
Output 
Leakage 
Current 
10 
~A 
VOUT = Vss to Vcc 


VIL(2) 
Input LOW Voltage 
-1 
0.8 
V 


VIH(2) 
Input HIGH Voltage 
2 
Vec + 1 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL = 4.2mA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH =-2mA 


Symbol 
Parameter 
Max. 
Units 
Test 
Conditions 


CI/O(1) 
InpuVOutput 
Capacitance 
8 
pF 
VI/O= 
OV 


CIN(1) 
Input Capacitance 
6 
pF 
VIN= OV 


Notes: 
(1) This parameter is periodically sampled and not 100% tested. 
(2) 
VIL min. and VIH max. are for reference only and are nollesled. 


CE 
WE 
RECALL 
STORE 
I/O 
Mode 


H 
X 
H 
H 
Output 
High Z 
Not Selected(3) 


L 
H 
H 
H 
Output 
Data 
Read RAM 


L 
L 
H 
H 
Input Data High 
Write "1" RAM 


L 
L 
H 
H 
Input Data Low 
Write "0" RAM 


X 
H 
L 
H 
Output 
High Z 
Array Recall 


H 
X 
L 
H 
Output 
High Z 
Array Recall 


X 
H 
H 
L 
Output 
High Z 
Nonvolatile 
Store(4) 


H 
X 
H 
L 
Output 
High Z 
Nonvolatile 
Store(4) 


Parameter 
Min. 
Units 


Endurance 
100,000 
Data Changes 
Per Bit 


Store Cycles 
1,000,000 
Store Cycles 


Data Retention 
100 
Years 


Symbol 
Parameter 
Max. 
Units 


tpUR(5) 
Power-up 
to Read Operation 
100 
J.l.s 


tpUW(5) 
Power-up 
to Write or Store Operation 
5 
ms 


Input Pulse Levels 
OV to 3V 


Input Rise and 
Fall Times 
10ns 


Input and Output 
Timing 
Levels 
1.5V 


Notes: 
(3) 
Chip is deselected 
but may be automatically 
completing a store cycle. 
(4) 
STORE = LOW is required only to initiate the store cycle, after which the store cycle will be automatically 
completed 
(e.g. STORE = X). 
(5) tpUR and tpuw 
are the delays required from the time Vcc 
is stable until the specified operation can be initiated. These 
parameters 
are periodically sampled and not 100% tested. 


A.C. CHARACTERISTICS (Over the recommended 
operating 
conditions, 
unless 
otherwise 
specified.) 
Read Cycle Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 


tRC 
Read Cycle Time 
150 
ns 


tAA 
Access 
Time 
150 
ns 


tca 
Chip Select to Output 
Valid 
150 
ns 


tOH 
Output 
Hold from Address 
Change 
0 
ns 


tLZ(6) 
Chip Select to Output 
in Low Z 
0 
ns 


tHZ(6) 
Chip Deselect 
to Output 
in High Z 
50 
ns -- 


Symbol 
Parameter 
Min. 
Max. 
Units 


twc 
Write Cycle Time 
150 
ns 


tcw 
Chip Select to End of Write 
90 
ns 


tAS 
Address 
Setup Time 
0 
ns 


twP 
Write 
Pulse Width 
90 
ns 


tWR 
Write 
Recovery 
Time 
0 
ns 


tDW 
Data Valid to End of Write 
40 
ns 


tDH 
Data Hold Time 
0 
ns 


twz 
Write 
Enable to Output 
in High Z 
50 
ns 


tow 
Output 
Active from End of Write 
0 
ns 


Symbol 
Parameter 
Min. 
Max. 
Units 


tRCC 
Array 
Recall Time 
1 
Ils 
tRCp(7) 
Recall 
Pulse Width 
90 
ns 


tRCZ 
Recall to Output 
in High Z 
50 
ns 


tORC 
Output 
Active 
from End of Recall 
0 
ns 


tARC 
Recalled 
Data Access 
Time from End of Recall 
120 
ns 


X'lXI:IJ:Ax'ttl1_tlXX_xxx 
_ 


tRCC 


'oRC==::=kw 
J tARC~-------- 


-- 


Symbol 
Parameter 
Min. 
Max. 
Units 


tSTC 
Internal 
Store 
Time 
5 
ms 


tSTP 
Store 
Pulse 
Width 
90 
ns 


tSTZ 
Store 
to Output 
in High 
Z 
50 
ns 


tOST 
Output 
Active 
from 
End 
of Store 
0 
ns 


t 


-----------tSTC 


tSTP 
1, 
allllZ! 
'S<Z1 


SYMBOL 
TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 


-fllT 
May change 
Will change 


from LOW 
from LOW 
to HIGH 
to HIGH 


~ 


May change 
Will change 
from HIGH 
from HIGH 
to LOW 
to LOW 


XXXX 


Don't Care: 
Changing: 


Changes 
State Not 
Allowed 
Known 
H 


N/A 
Center Line 
is High 
Impedance 


X22C12 
_T 


xL= 
-- 
Store Cycles 
Blank = 1,000,000 


Temperature 
Range 
Blank = Commercial 
= O°C to +lO°C 
I = Industrial = -40°C 
to +85°C 
M = Military = -55°C 
to + 125°C 
MB = MIL-STD-883 


Package 
P = 18-Lead 
Plastic 
DIP 
D = 18-Lead 
Cerdip 
S = 20-Lead 
Plastic SOIC (300 mil) 


LIMITED WARRANTY 


Devices 
sold by Xicor, 
Inc. are covered 
by the warranty 
and patent 
indemnification 
provisions 
appearing 
in its Terms 
of Sale only. Xicor, 
Inc. makes 
no warranty, 


express, 
statutory. 
implied, 
or by description 
regarding 
the infonnation 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent 
infringement. 


Xicor, 
Inc. makes 
no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, 
Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 


prices at any time and without 
notice. 


Xicor, 
Inc. assumes 
no responsibility 
for the use of any circuitry other than circuitry embodied 
in a Xicor, 
Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more 01the following 
U.S. Patents: 4,263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 


4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,688,932; 
4,752,912; 
4,829, 
482; 
4,874, 
967; 4,883, 
976. 
Foreign 
patents 
and 
additional 
patents 
pending. 


LIFE RELATED 
POLICY 


In situations 
where semiconductor 
component 
failure may endanger 
life, system designers 
using this product should design the system 
with appropriate 
error 


detection 
and correction, 
redundancy 
and back-Up 
features 
to prevent 
such an occurence. 


Xicor's 
products 
are not authorized 
for use in critical components 
in life support 
devices 
or systems. 


1. Life support 
devices 
or systems 
are devices 
or systems 
which, 
(a) are intended 
for surgical 
implant 
into the body, or (b) support or sustain 
Hie, and whose 


failure 
to perform, 
when 
properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 
injury to the user. 
2. A critical component 
is any component 
of a life support 
device 
or system 
whose 
failure to perform 
can be reasonably 
expected 
to cause 
the failure 
of the life 


support 
device 
or system, 
or to affect 
its safety 
or effectiveness. 


iCDP 
® 


FEATURES 


• High 
Reliability 


-Endurance: 
1,000,000 
Nonvolatile 
Store 
Operations 


-Retention: 
100 Years 
Minimum 


• Power-on 
Recall 
-E2pROM 
Data Automatically 
Recalled 
Into 
SRAM 
Upon 
Power-up 


• Lock 
Out Inadvertent 
Store 
Operations 


• Low 
Power 
CMOS 


-Standby: 
250lJA 


• Infinite 
E2pROM 
Array 
Recall, 
and RAM Read 


and Write 
Cycles 


• Compatible 
with 
X2004 


DESCRIPTION 


The Xicor 
X20C04 
is a 512 x 8 NOVRAM 
featuring 
a 


static RAM overlaid 
bit-for-bit 
with a nonvolatile 
electri- 


cally erasable 
PROM 
(E2PROM). 
The X20C04 
is fabri- 


cated with advanced 
CMOS floating 
gate technology 
to 


achieve 
low power and wide power-supply 
margin. The 


X20C04 
features 
the JEDEC 
approved 
pinout for byte- 


wide memories, compatible 
with industry standard 
RAMs, 


ROMs, 
EPROMs, 
and E2PROMs. 


The 
NOVRAM 
design 
allows 
data to be easily 
trans- 


ferred 
from 
RAM to E2PROM 
(store) 
and 
E2PROM 
to 


RAM (recall). The store operation 
is completed 
in 5ms or 


less and the recall operation 
is completed 
in 5J.lsor less. 


Xicor 
NOVRAMS 
are 
designed 
for 
unlimited 
write 


operations 
to RAM, either from the host or recalls from 


E2PROM, and a minimum 
1,000,000 
store operations 
to 


the E2PROM. 
Data retention 
is specified 
to be greater 


than 100 years. 


PIN CONFIGURATION 


PLASTIC 
LCC 
CERDIP 
PLCC 


.t ~ I~ U 
U1W 
U 


NE 
1 
28 
VCC 
z }':;: z 


NC 
2 
27 
WE 


A7 
3 
26 
NC 


A6 
4 
25 
A8 
A6 
A8 


As 
5 
24 
NC 
As 
NC 


A4 
6 
23 
NC 
A4 
NC 


A3 
7 
22 
OE 
A3 
NC 
X20C04 
A2 


X20C04 
OE 
A2 
8 
21 
NC 
(TOPVIEW) 
A1 
9 
20 
CE 
A1 
NC 


Ao 
10 
19 
1/°7 
Ao 
CE 


1/°0 
11 
18 
1/°6 
NC 
1/°7 


1/°1 
12 
17 
1/°5 
1/°0 
1/°6 


1/°2 
13 
16 
1/°4 


vss 
14 
15 
1/°3 
y-C\IWU 
'" 
.". 
lJ) 


~ ~ ~ z ~ ~ ~ 


3825 
FHD 
F02 
3825 
FHD 
F03 


-- 


Addresses (Ao-As) 


The 
Address 
inputs 
select 
an 8-bit 
memory 
location 
during 
a read or write operation. 


Chip Enable (CE) 


The Chip Enable input must be LOW to enable all read/ 
write operations. 
When CE is HIGH, power consumption 


is reduced. 


Output Enable (OE) 


The Output Enable input controls the data output buffers 
and is used to initiate read and recall operations. 
Output 
Enable 
LOW 
disables 
a store operation 
regardless 
of 
the state of CE, WE, or NE. 


Data In/Data Out (VOo-I/07) 


Data is written 
to or read from the X20C04 
through 
the 
I/O pins. The I/O pins are placed in the high impedance 
state when either CE orOE 
is HIGH orwhen 
NE is LOW. 


Write Enable (WE) 


The Write 
Enable 
input controls 
the writing 
of data to 
both the static RAM and stores to the E2pROM. 


Nonvolatile Enable (NE) 


The Nonvolatile 
Enable 
input controls 
all accesses 
to 
the E2pROM 
array (store and recall functions). 


PIN NAMES 


Symbol 
Description 


Ao-Aa 
Address 
Inputs 


1/00-1/07 
Data Input/Output 


WE 
Write 
Enable 


CE 
Chip Enable 


OE 
Output 
Enable 


NE 
Nonvolatile 
Enable 
VCC 
+5V 
VSS 
Ground 


NC 
No Connect 


a~ 
0'?' 


A3-A6 
ROW 
512x S 
«-«; 
SELECT 
SRAM a~ 
ARRAY 
",0 
'" 
CE 


OE 
CONTROL 
WE 
LOGIC 


NE 
COLUMN 
AO-A2 
SELECT 


ArAs 
& 
liaS 


DEVICE OPERATION 


The CE, OE, WE and NE inputs control the X20C04 
operation. The X20C04 byte-wide NOVRAM uses a 
2-line control architecture to eliminate bus contention in 
a system environment. The I/O bus will be in a high 
impedance state when either OE or CE is HIGH, or 
when NE is LOW. 


RAM Operations 


RAM read and write operations are performed as they 
would be with any static RAM. A read operation requires 
CE and OE to be LOW with WE and NE HIGH. A write 
operation requires CE and WE to be LOW with NE 
HIGH. There is no limit to the number of read or write 
operations performed to the RAMportion ofthe X20C04. 


Nonvolatile Operations 


With NE LOW, recall operation is performed in the same 
manner as RAM read operation. A recall operation 
causes the entire contents of the E2pROM to be written 
into the RAM array. The time required for the operation 
to complete is 5J.!sor less. A store operation causes the 
entire contents of the RAM array to be stored in the 
nonvolatile E2pROM. The time for the operation to 
complete is 5ms or less. 


Power-Up Recall 


Upon power-up (Vcd, the X20C04 performs an auto- 
matic array recall. When Vcc minimum is reached, the 
recall is initiated, regardless of the state of CE, OE, WE 
and NE. 
-- 


Write Protection 


The X20C04 has five write protect features that are 
employed to protect the contents of both the nonvolatile 
memory and the RAM. 


o Vcc Sense-All 
functions are inhibited when Vcc is 
::;3.5V. 


o A RAM write is required before a Store Cycle is 


initiated. 


o Write Inhibit-Holding 
either OE LOW, WE HIGH, 


CE HIGH, or NE HIGH during power-up and power- 
down will prevent an inadvertent store operation. 


o Noise Protection-A 
combined WE, NE, OE and 


CE pulse of less than 20ns will not initiate a Store 
Cycle. 


o Noise Protection-A 
combined WE, NE, OE and 


CE pulse of less than 20ns will not initiate a recall 
cycle. 


INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 


May change 
Will change 
from LOW 
from LOW 


to HIGH 
to HIGH 


May change 
Will change 
from HIGH 
from HIGH 


to LOW 
to LOW 


Don't Care: 
Changing: 


Changes 
State Not 
Allowed 
Known 


N/A 
Center Line 
is High 
Impedance 


-.!JlT 


~ 


XXXX 
H 


ABSOLUTE MAXIMUM RATINGS' 
Temperature 
under 
Bias 
-65°C 
to + 135°C 


Storage 
Temperature 
-65°C 
to +150°C 


Voltage 
on any Pin with 
Respect 
to VSS 
-1 V to +7V 


D.C. Output 
Current 
10mA 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


RECOMMENDED OPERATING CONDITIONS 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


'COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 


indicated in the operational 
sections of this specification 
is 


not implied. Exposure to absolute 
maximum 
rating condi- 


tions for extended 
periods 
may affect device reliability. 


Supply Voltage 


X20C04 


Limits 


5V±10% 


3825 
PGM 
T03 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


lee1 
Vee Current 
(Active) 
100 
mA 
NE = WE = VIH, CE = OE = VIL 
Address 
Inputs = 004VI2o4V levels 


@ f = 5MHz. 
All II0s = Open 


lee2 
Vee Current 
During 
Store 
10 
mA 
All Inputs = VIH 


All II0s = Open 


IS81 
Vee Standby 
Current 
10 
mA 
CE = VIH 


(TTL Input) 
All Other 
Inputs = VIH. All II0s = Open 


IS82 
Vee Standby 
Current 
250 
~A 
All Inputs = Vee - 0.3V 
(CMOS 
Input) 
All II0s = Open 


III 
Input Leakage 
Current 
10 
~A 
VIN = Vss to Vee 


ILO 
Output 
Leakage 
Current 
10 
~A 
VOUT = Vss to Vee, CE = VIH 
VIL(l) 
Input LOW Voltage 
-1 
0.8 
V 


VIH(l) 
Input HIGH Voltage 
2 
Vee+ 
0.5 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL = 2.1mA 


VOH 
Output 
HIGH Voltage 
204 
V 
IOH =-400~ 


Symbol 
Parameter 
Max. 
Units 


tpUR(2) 
Power-Up 
to RAM Operation 
100 
~s 


tpUW(2) 
Power-Up 
to Nonvolatile 
Operation 
5 
ms 


Symbol 
Test 
Max. 
Units 
Conditions 


CI/O<2) 
Input/Output 
Capacitance 
10 
pF 
VI/O= 
OV 


CIN(2) 
Input Capacitance 
6 
pF 
VIN = OV 


Notes: 
(1) VIL min. and VIH max. are for reference only and are not tested. 
(2) This parameter 
is periodically sampled and not 100% tested. 


Parameter 
Min. 
Units 


Endurance 
100,000 
Data Changes Per Bit 
Store Cycles 
1,000,000 
Store Cycles 
Data Retention 
100 
Years 
-- 


CE 
WE 
NE 
OE 
Mode 
110 
Power 


H 
X 
X 
X 
Not Selected 
Output High Z 
Standby 
L 
H 
H 
L 
Read RAM 
Output Data 
Active 
L 
L 
H 
X 
Write "1" RAM 
Input Data High 
Active 
L 
L 
H 
X 
Write "0" RAM 
Input Data Low 
Active 
L 
H 
L 
L 
Array Recall 
Output High Z 
Active 
L 
L 
L 
H 
Nonvolatile Storing 
Output High Z 
Active 
L 
H 
H 
H 
Output Disabled 
Output High Z 
Active 
L 
L 
L 
L 
Not Allowed 
Output High Z 
Active 
L 
H 
L 
H 
No Operation 
Output High Z 
Active 


Input Pulse Levels 
OVto 3V 
Input Rise and 
Fall Times 
10ns 
Input and Output 
Timing Levels 
1.5V 


A.C. CHARACTERISTICS 
(Over 
the 
recommended 
operating 
conditions 
unless 
otherwise 
specified) 


Read Cycle Limits 


X20C04-15 
X20C04·20 
X20C04-25 
X20C04 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tRC 
Read 
Cycle 
Time 
150 
200 
250 
300 
ns 


tCE 
Chip 
Enable 
Access 
Time 
150 
200 
250 
300 
ns 


tAA 
Address 
Access 
Time 
150 
200 
250 
300 
ns 


tOE 
Output 
Enable 
Access 
Time 
50 
70 
100 
150 
ns 


tLZ(3) 
Chip 
Enable 
to Output 
in Low Z 
0 
0 
0 
0 
ns 


tOLZ(3) 
Output 
Enable 
to Output 
in Low Z 
0 
0 
0 
0 
ns 


tHZ(3) 
Chip 
Disable 
to Output 
in High Z 
80 
100 
100 
100 
ns 


tOHZ(3) 
Output 
Disable 
to Output 
in High Z 
80 
100 
100 
100 
ns 


tOH 
Output 
Hold 
From 
Address 
Change 
0 
0 
0 
0 
ns 


Note: 
(3) tLZ min.. tHZ. tOLZ min., and 10HZare periodically sampled and not 100% tested. tHZ max. and tOHZ max. are measured. with 


CL = 5pF from the point when CE or OE return HIGH (whichever occurs first) to the time when the outptus are no longer driven. 


X20C04-15 
X20C04-20 
X20C04-25 
X20C04 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. Units 


twc 
Write Cycle Time 
150 
200 
250 
300 
ns 


tcw 
Chip Enable 
to End of Write Input 
150 
200 
250 
300 
ns 


tAS 
Address 
Setup Time 
0 
0 
0 
0 
ns 


twP 
Write 
Pulse Width 
100 
120 
150 
200 
ns 


tWR 
Write 
Recovery 
Time 
0 
0 
0 
0 
ns 


tDW 
Data Setup to End of Write 
100 
120 
150 
200 
ns 


tDH 
Data Hold Time 
0 
0 
0 
0 
ns 


tWZ(4) 
Write 
Enable to Output 
in High Z 
80 
100 
100 
100 
ns 


tOW(4) 
Output 
Active 
from End of Write 
5 
5 
5 
5 
ns 


tOZ(4) 
Output 
Enable to Output 
in High Z 
80 
100 
100 
100 
ns 
-- 


'DW 


DATA VALID 


X20C04·15 
X20C04·20 
X20C04·25 
X20C04 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tSTC 
Store Cycle Time 
5 
5 
5 
5 
ms 


tsp 
Store Pulse Width 
100 
120 
150 
200 
ns 


tNHZ 
Nonvolatile 
Enable to 
80 
100 
100 
100 
ns 


Output in High Z 


tOEST 
Output 
Enable From 
10 
10 
10 
10 
ns 


End of Store 


tSOE 
OE Disable to Store 
20 
20 
20 
20 
ns 


Function 


tNS 
NE Setup Time from WE 
0 
0 
0 
0 
ns 


Note: 
(5) X20C04 VCCmin. = 4.5V 
TheStorePulseWidth(tsp)isaminimumtimethatNE,WEandCEmustbeLOWsimultaneously. 


-- 


X20C04-15 
X20C04-20 
X20C04-25 
X20C04 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tRCC 
Array 
Recall Cycle Time 
5 
5 
5 
5 
f.ls 


tRCp(6) 
Recall 
Pulse Width to 
100 
120 
150 
200 
ns 


InitiateRecall 


tRwE 
WE Setup Time to NE 
0 
0 
0 
0 
ns 


«((((0 


X20C04T 


-xL Access 
Time 
-15 = 150ns 
-20 = 200ns 
-25 = 250ns 
Blank = 300ns 
-- 


Temperature 
Range 
Blank = Commercial = O°Cto +70°C 
I = Industrial = -40°C to +85°C 
M = Military = -55°C to +125°C 
MB = MIL-STD-833 


Package 
D = 28-Lead Cerdip 
P = 28 Lead Plastic DIP 
E = 32-Pad Ceramic LCC 
J = 32-Lead PLCC 


LIMITED WARRANTY 
Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification provisions appearing in its Terms of Sale only. Xicor, Inc. makes 
no warranty, 
express, statutory, implied, or by description 
regarding the information set forth herein or regarding the freedom of the described 


devices from patent infringement. 
Xicor, Inc. makes no warranty of merchantability 
or fitness tor any purpose. Xicor, Inc. reserves the right to 
discontinue 
production 
and change specifications 
and prices at any time and without notice. 


Xicor, Inc. assumes no responsibility 
for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product: No other circuits, patents, 


licenses are implied. 


us. PATENTS 
Xicor products are covered by one or more of the following U.S. Patents: 4,263,664; 4,274,012; 4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 


4,404,475; 4,450,402; 4,486,769; 4,488,060; 4,520,461 ;4,533,846; 4,599,706; 4,617,652; 4,668,932; 4,752,912; 4,829,482; 4,874,967; 4,883,976. 
Foreign patents and additional 
patents pending. 


LIFE RELATED 
POLICY 


In situations 
where semiconductor 
component 
failure may endanger life, system designers using this product should design the system with 
appropriate 
error detection and correction, 
redundancy and back-up features to prevent such an occurrence. 


Xicor's products are not authorized for use as critical components 
in life support devices or systems. 


1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain life, 


and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be reasonably expected 
to result in a significant 
injury to the user. 
2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to cause the failure 
of the life support device or system, or to affect its satety or effectiveness. 


APPLICATION 
NOTE 


AVA 
I LA 
B L E 


AN56 


High Speed AUTOSTORETM NOVRAM 


• Fast Access Time: 35ns, 45ns, 55ns 
• High Reliability 


-Endurance: 
1,000,000 Nonvolatile 
Store 
Operations 
-Retention: 
100 Years Minimum 


• Power-on Recall 
-E2PROM 
Data Automatically 
Recalled Into 
SRAM Upon Power-up 


• AUTOSTORETM NOVRAM 
-User 
Enabled Option 
-Automatically 
Stores SRAM Data Into the 
E2pROM Array When Vcc Low Threshold 
is 
Detected 
-Open 
Drain AUTOSTORE Status Output Pin 


• Software Data Protection 


-Locks 
Out Inadvertent 
Store Operations 


• Low Power CMOS 


-Standby: 
250/lA 


• Infinite E2pROM Array Recall, and RAM Read 


and Write Cycles 


• Upward compatible 
with X20C16 (16K) 


DESCRIPTION 


The Xicor X20C05 is a 512 x 8 NOVRAM featuring a 
high-speed static RAM overlaid bit-for-bit with a non- 
volatile electrically erasable PROM (E2PROM). The 
X20C05 is fabricated with advanced CMOS floating 
gate technology to achieve high speed with low power 
and wide power-supply margin. The X20C05 features 
the JEDEC approved pinout for byte-wide memories, 
compatible 
with 
industry 
standard 
RAMs, 
ROMs, 


EPROMs, and E2PROMs. 


The NOVRAM design allows data to be easily trans- 
ferred from RAM to E2PROM (store) and E2PROM to 
RAM (recall). The store operation iscompleted in 5ms or 
less and the recall operation is completed in 51lsor less. 


Xicor NOVRAMS are designed 
for unlimited write 


operations to RAM, either from the host or recalls from 
E2PROM,and a minimum 1,000,000 store operations to 
the E2PROM. Data retention is specified to be greater 
than 100 years. 


1 
28 
VCC 
2 
27 
WE 


3 
26 
AS 


4 
25 
A8 
5 
24 
NC 


6 
23 
NC 


7 
22 
OE 


8 
X20C05 21 
NC 


9 
20 
CE 


10 
19 
1/07 


11 
18 
1/06 


12 
17 
1/05 


13 
16 
1/04 


14 
15 
1/03 


-- 


Addresses 
(Ao-As) 


The 
Address 
inputs 
select 
an 8-bit 
memory 
location 


during 
a read or write operation. 


Chip 
Enable 
(CE) 


The Chip Enable 
input must be LOW to enable all read/ 


write operations. 
When CE is HIGH, power consumption 


is reduced. 


Output 
Enable 
(OE) 


The Output Enable input controls 
the data output buffers 


and is used to initiate read and recall operations. 
Output 


Enable 
LOW 
disables 
a store operation 
regardless 
of 


the state of CE, WE, or NE. 


Data In/Data 
Out (1/00-1/07) 


Data is written 
to or read from the X20COS through 
the 


I/O pins. The I/O pins are placed in the high impedance 
state when either CE or OE is HIGH orwhen 
NE is LOW. 


Write 
Enable 
(WE) 


The Write Enable input controls 
the writing of data to the 


RAM. 


Nonvolatile 
Enable 
(NE) 


The Nonvolatile 
Enable input controls 
the recall function 


to the E2PROM 
array. 


AUTOSTORE 
Output 
(AS) 


AS is an open drain output 
which, 
when 
asserted 
indi- 


cates Vcc has fallen below the AUTOSTORE 
threshold 


(V ASTH). AS may be wire-ORed 
with multiple 
open drain 


outputs and used as an interrupt inputto a microcontroller. 


Symbol 
Description 


Ao-As 
Address 
Inputs 
1/00-1/07 
Data Input/Output 


WE 
Write 
Enable 


CE 
Chip Enable 


OE 
Output 
Enable 


NE 
Nonvolatile 
Enable 


AS 
AUTOSTORE 
Output 


VCC 
+SV 


VSS 
Ground 


NC 
No Connect 


L2,Y 


CJ'?' 


A3-As 


ROW 
HIGH SPEED 


«-«; 


SELECT 
512 x S a~ 
SRAM 
ARRAY 
",0 
'" 
CE 


OE 
CONTROL 


WE 
LOGIC 


NE 


COLUMN 


Ao-A2 
SELECT 


& 
ArAs 
IIOS 


DEVICE OPERATION 


The CE, OE, WE and NE inputs control the X20C05 
operation. The X20C05 byte-wide NOVRAM uses a 
2-line control architecture to eliminate bus contention in 
a system environment. The I/O bus will be in a high 
impedance state when either OE or CE is HIGH, or 
when NE is LOW. 


RAM Operations 


RAM read and write operations are performed as they 
would be with any static RAM. A read operation requires 
CE and OE to be LOW with WE and NE HIGH. A write 
operation requires CE and WE to be LOW with NE 
HIGH. There is no limit to the number of read or write 
operations performed to the RAM portion of the X20C05. 


MEMORY TRANSFER OPERATIONS 
There are two memory transfer operations: 
a recall 


operation whereby the data stored in the E2PROMarray 
is transferred to the RAM array; and a store operation 
which causes the entire contents of the RAM array to be 
stored in the E2PROM array. 


Recall operations are performed automatically upon 
power-up and under host system control when NE, OE 
and CE are LOW and WE is HIGH. The recall operation 
takes a maximum of 5J.l.s. 


There are two methods of initiating a store operation. 
The first is the software store command. This command 
takes the place of the hardware store employed on the 
X20C04. This command is issued by entering into the 
special command mode: NE, CE, and WE strobe LOW 
while at the same time a specific address and data 
combination is sent to the device. This is a three step 


operation: 
the first 
address/data 
combination 
is 


155[H]/AA[H]; the second combination is OAA[H]/55[H]; 
and the final command combination is 155[H]/33[H]. 
This sequence of pseudo write operations will immedi- 
• 
ately initiate a store operation. Refer to the software 
command timing diagrams for details on set and hold 
times for the various signals. 


The second method of storing data is through the 
AUTOSTORE command. When enabled, data is auto- 
matically stored from the RAM into the E2PROM array 
whenever Vcc falls below the preset AUTOSTORE 
threshold. This feature is enabled by performing the first 
two steps for the software store with the command 
combination being 155[H]/CC[H]. 


The AUTOSTORE feature is disabled by issuing the 
three step command sequence with the command com- 
bination being 155[H]/CD[H]. The AUTOSTORE feature 
will also be reset if Vcc falls below the power-up reset 
threshold (approximately 3.5V) and is then raised back 
into the operating range. 


DATA PROTECTION 


The X20C05 supports two methods of protecting the 
nonvolatile data. 


-If 
after power-up the AUTOSTORE feature is not 


enabled, no AUTOSTORE can occur. 


-If 
after power-up no RAM write operations have oc- 


curred no store operation can be initiated. The software 
store and AUTOSTORE commands will be ignored. 


INPUTS 
OUTPUTS 


Must be 
Will be 


steady 
steady 


May change 
Will change 


from LOW 
from LOW 
to HIGH 
to HIGH 


May change 
Will change 


from HIGH 
from HIGH 
to LOW 
to LOW 


Don't Care: 
Changing: 
Changes 
State Not 


Allowed 
Known 


N/A 
Center Line 
is High 
Impedance 


JlT 


~ 


XXXX 
H 


ABSOLUTE MAXIMUM RATINGS' 
Temperature 
under 
Bias 
-65°C 
to +135°C 


Storage 
Temperature 
-65°C 
to +150°C 


Voltage 
on any Pin with 
Respect 
to VSS 
-1V 
to +7V 


D.C. Output 
Current 
10mA 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


RECOMMENDED OPERATING CONDITIONS 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


'COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 


indicated in the operational 
sections of this specification 
is 


not implied. Exposure to absolute 
maximum 
rating condi- 


tions for extended 
periods may affect device 
reliability. 


Supply Voltage 


X20C05 


Limits 


5V±10% 


3827 
PGM 
T03.1 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


ICC1 
Vcc 
Current 
(Active) 
100 
mA 
NE = WE = VIH, CE = OE = VIL 
Address 
Inputs = 0.4V12.4V 
Levels 
@ 
f = 20M Hz. 
All I/Os = Open 


ICC2 
Vcc 
Current 
During 
Store 
5 
mA 
All Inputs = VIH 


ICC3 
Vcc 
Current 
During 
2.5 
mA 
All I/Os = Open 
AUTOSTORE 


IS81 
Vcc 
Standby 
Current 
10 
mA 
CE= 
VIH 


(TTL Input) 
All Other 
Inputs = VIH, All I/Os = Open 


IS82 
Vcc 
Standby 
Current 
250 
llA 
All Inputs = Vcc - 0.3V 


(CMOS 
Input) 
All I/Os = Open 


III 
Input Leakage 
Current 
10 
llA 
VIN = Vss to Vcc 


ILO 
Output 
Leakage 
Current 
10 
llA 
VOUT = Vss to Vcc, 
CE = VIH 
VIL(l) 
Input LOW Voltage 
-1 
0.8 
V 


VIH(l) 
Input HIGH Voltage 
2 
Vcc+ 
0.5 
V 


VOL 
Output 
LOW Voltage 
0.4· 
V 
IOL=4mA 


VOLAS 
AUTOSTORE 
Output 
0.4 
V 
IOLAS= 1mA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH =-4mA 


Symbol 
Parameter 
Max. 
Units 


tpUR(2) 
Power-Up 
to RAM Operation 
100 
lls 


tpUW(2) 
Power-Up 
to Nonvolatile 
Operation 
5 
ms 


Symbol 
Test 
Max. 
Units 
Conditions 


CI/O<2) 
Input/Output 
Capacitance 
10 
pF 
VI/O = OV 


CIN(2) 
Input Capacitance 
6 
pF 
VIN = OV 


Notes: 
(1) 
VIL min. and VIH max. are for reference only and are not tested. 
(2) 
This parameter 
is periodically sampled and not 100% tested. 


Parameter 
Min. 
Units 


Endurance 
100,000 
Data Changes 
Per Bit 


Store Cycles 
1,000,000 
Store Cycles 


Data Retention 
100 
Years • 


CE 
WE 
NE 
OE 
Mode 
1/0 
Power 


H 
X 
X 
X 
Not Selected 
Output 
High Z 
Standby 


L 
H 
H 
L 
Read RAM 
Output 
Data 
Active 


L 
L 
H 
X 
Write "1" RAM 
Input Data High 
Active 


L 
L 
H 
X 
Write "0" RAM 
Input Data Low 
Active 


L 
H 
L 
L 
Array Recall 
Output 
High Z 
Active 


L 
L 
L 
H 
Software 
Command 
Input Data 
Active 


L 
H 
H 
H 
Output 
Disabled 
Output 
High Z 
Active 


L 
L 
L 
L 
Not Allowed 
Output 
High Z 
Active 


L 
H 
L 
H 
No Operation 
Output 
High Z 
Active 


Input Pulse Levels 
OV to 3V 


Input Rise and 
Fall Times 
5ns 


Input and Output 
Timing 
Levels 
1.5V 


r 


30PF 


A.C. CHARACTERISTICS 
(Over the recommended 
operating 
conditions 
unless otherwise 
specified) 


Read Cycle Limits 


X20C05-35 
X20C05-45 
X20C05-55 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tRC 
Read Cycle Time 
35 
45 
55 
ns 


tCE 
Chip Enable 
Access 
Time 
35 
45 
55 
ns 


tAA 
Address 
Access 
Time 
35 
45 
55 
ns 


tOE 
Output 
Enable 
Access 
Time 
20 
25 
30 
ns 


tLZ(3) 
Chip Enable to Output 
in Low Z 
0 
0 
0 
ns 


tOLZ(3) 
Output 
Enable 
to Output 
in Low Z 
0 
0 
0 
ns 


tHZ(3) 
Chip Disable 
to Output 
in High Z 
15 
20 
25 
ns 


tOHZ(3) 
Output 
Disable 
to Output 
in High Z 
15 
20 
25 
ns 


tOH 
Output 
Hold From Address 
Change 
0 
0 
0 
ns 


Nole: 
(3) tLZ min., tHZ, tOLZ min., and tOHZ are periodically sampled and not 100% tested. tHZ and tOHZ are measured, with CL = 5pF, 


from the point when CE or OE return HIGH(whichever occurs first) to the time when the outptus are no longer driven. 


X20C05-25 
X20C05-35 
X20C05-45 
X20C05-55 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


twe 
Write Cycle Time 
25 
35 
45 
55 
ns 


tew 
Chip Enable to End of Write 
Input 
25 
30 
35 
40 
ns 


tAS 
Address 
Setup Time 
0 
0 
0 
0 
ns 


twP 
Write 
Pulse Width 
30 
30 
35 
40 
ns 


tWR 
Write 
Recovery 
Time 
0 
0 
0 
0 
ns 


tDW 
Data Setup to End of Write 
15 
15 
20 
25 
ns 


tDH 
Data Hold Time 
0 
0 
3 
3 
ns 


twZ(4) 
Write 
Enable to Output 
in High Z 
15 
20 
25 
ns 


tOW(4) 
Output 
Active 
from End of Write 
5 
5 
5 
5 
ns 


tOZ(4) 
Output 
Enable to Output 
in High Z 
15 
20 
25 
ns 
-- 


'ow 


DATA VALID 


X20C05·35 
X20C05-45 
X20C05-55 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tRCC 
Array 
Recall Cycle Time 
5 
5 
5 
~s 
tRCp(5) 
Recall 
Pulse Width to 
30 
40 
50 
ns 


Initiate 
Recall 


tRwE 
WE Setup Time to NE 
0 
0 
0 
ns -- 


«((((0 


X20C05-35 
X20C05-45 
X20C05-55 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tSTO 
Store Cycle Time 
5 
5 
5 
ms 


tsp(6) 
Store 
Pulse Width 
30 
40 
50 
ns 


tSPH 
Store 
Pulse Hold Time 
35 
45 
55 
ns 


twc 
Write 
Cycle Time 
35 
45 
55 
ns 


tAS 
Address 
Setup Time 
0 
0 
0 
ns 


tAH 
Address 
Hold time 
0 
0 
0 
ns 


tos 
Data Setup Time 
15 
20 
25 
ns 


tOH 
Data Hold Time 
0 
3 
3 
ns 


tSOE(7) 
OE Disable 
to Store Function 
20 
20 
20 
ns 


tOEST(7) 
Output 
Enable from End of Store 
10 
10 
10 
ns 


tNHZ(7) 
Nonvolatile 
Enable to Output 
in 
15 
20 
25 
ns 


High Z 


tNES 
NE Setup Time 
5 
5 
5 
ns 


tNEH 
NE Hold Time 
5 
5 
5 
ns 


3827 
PGM 
T12.1 


CE Controlled Software Command Sequence 


twc 
tSTO 


ADDRESS 


OE 


CE 


WE 


NE 


DATAOUT 


tDS 
tDH 


OATAIN 
AA 
55 
CMO 


3827 
FHD 
F08.2 


Notes: 
(6) 
The Store Pulse Width (tsp) is a minimum time that NE. WE and CE must be LOW simultaneously. 
(7) tSOE. tOEST and tNHZ are periodically sampled and not 100% tested. 


-- 


AUTOSTORE 
Feature 


The AUTOSTORE 
feature automatically 
saves the con- 


tents 
of the X20C05's 
RAM to the on-board 
bit-for-bit 


shadow 
E2PROM 
at power-down. 
This circuitry 
insures 


that no data is lost during 
accidental 
power-downs 
or 


general system crashes, 
and is ideal for microprocessor 


caching 
systems, 
embedded 
software 
systems, 
and 


general system back-up 
memory. 


The AUTOSTORE 
instruction 
(EAS) to the SOP register 


sets the AUTOSTORE 
enable latch, allowing the X20C05 


AUTOSTORE 
CYCLE 
Timing 
Diagrams 


to automatically 
perform a store operation 
whenever 
Vcc 


falls below 
the AUTOSTORE 
threshold 
(VASTH). Vcc 


must remain above 
the AUTOSTORE 
Cycle 
End Volt- 


age (VASEND)for the duration 
of the store cycle (tASTO)' 


The detailed 
timing 
for this feature 
is illustrated 
in the 


AUTOSTORE 
timing 
diagram, 
below. 
Once 
the 


AUTOSTORE 
cycle is initiated, all other device functions 


are inhibited. 


vcc 
I 
D 


AUTOSTORECYCLEIN PROGRESSVASTH 
t 
VASEND 


'ASTO 
STORETIME 


X20C05 


Symbol 
Parameter 
Min. 
Max. 
Units 


tASTO 
AUTOSTORE 
Cycle Time 
2.5 
ms 


VASTH 
AUTOSTORE 
Threshold 
Voltage 
4.0 
4.3 
V 


VASEND 
AUTOSTORE 
Cycle End Voltage 
3.5 
V 


NO STORE 


1ii" 
Q)a: 
0~ 
~ 
NO STORE 
::;;; 
<{a: 
ADDR 155, 


DATAAA 


NO STORE 


STORE ON SS 
OR 
ENABLE I RESET 
AUTOSTORE 


Command 
Data 


EAS 
Enable AUTOSTORE 
CC[H] 


RAS 
Reset AUTOSTORE 
CD[H] 


SS 
Software Store 
33[H] 


X20C05 
_T 


-xL Access Time 
-35 
= 35ns 


-45 = 45ns 
-55 = 55ns 


Temperature 
Range 
Blank = Commercial 
= DOCto +70°C 
I = Industrial 
= -4DoC to +85°C 
M = Military 
= -55°C 
to + 125°C 


Package 
D = 28-Lead 
Cerdip 
P = 28 Lead Plastic 
DIP 
E = 32-Pad 
Ceramic 
LCC 
J = 32-Lead 
PLCC 


LIMITED WARRANTY 
Devices sold by Xicor. Inc. are covered by the warranty and patent indemnification 
provisions appearing in its Terms of Sale only. Xicor.lnc. 
makes 
no warranty. 
express. statutory. 
implied. or by description 
regarding the information set forth herein or regarding the freedom of the described 
devices from patent infringement. 
Xicor. Inc. makes no warranty of merchantability 
or fitness tor any purpose. Xicor. Inc. reserves the right to 
discontinue 
production 
and change specifications 
and prices at any time and without notice. 


Xicor. Inc. assumes no responsibility 
for the use of any circuitry other than circuitry embodied in a Xicor. Inc. product. No other circuits, patents. 


licenses are implied. 


US. PATENTS 
Xicor products are covered by one or more of the following U.S. Patents: 4.263.664; 4.274,012; 4.300.212; 
4.314,265; 
4,326,134; 
4,393,481; 
4,404,475; 
4,450,402; 
4,486.769; 
4,488.060; 
4.520,461; 
4.533,846; 
4,599.706; 
4.617.652; 
4.668.932; 
4.752.912; 
4.829,482; 
4,874,967; 
4.883.976. 
Foreign patents and additional patents pending. 


LIFE RELATED 
POLICY 
In situations where semiconductor 
component 
failure may endanger 
life, system designers 
using this product should design the system with 
appropriate 
error detection and correction. 
redundancy and back-up features to prevent such an occurrence. 


Xicor's products are not authorized for use as critical components 
in life support devices or systems. 


1. Life support devices or systems are devices or systems which. (a) are intended for surgical implant into the body, or (b) support or sustain life, 


and whose failure to perform. when properly used in accordance with instructions for use provided in the labeling. can be reasonably expected 
to result in a significant injury to the user. 
2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to cause the failure 
of the life support device or system. or to affect its satety or effectiveness. 


ApPLICATION 
NOTE 


AVA 
I L A B L E 


AN 56 


• Fast Access Time: 35ns, 45ns, 55ns 
• High Reliability 
-Endurance: 
1,000,000Nonvolatile Store 
Operations 
-Retention: 
100 Years Minimum 
• AUTOSTORETMNOVRAM 
-Automatically 
Stores RAM Data Into the 
E2pROMArray When Vcc Low Threshold is 
Detected 


-User 
Enabled Option 
-Open 
Drain AUTOSTOREStatus Output Pin 
• Power-on Recall 
-E2pROM 
Data Automatically Recalled Into 
RAM Upon Power-up 
• Software Data Protection 
-Locks 
Out Inadvertent Store Operations 
• Low Power CMOS 
-Standby: 
250JlA 
• Infinite E2pROMArray Recall, and RAM Read 


and Write Cycles 


PIN CONFIGURATION 


PLASTIC 
CERDIP 


NE 
vcc 


NC 
WE 


A7 
As 


Aa 
AS 


AS 
Ag 


A4 
NC 
SOIC 


A3 
OE 


A2 
AlO 
NC 
AlO 


A1 
CE 
OE 
CE 


Ao 
1/°7 


Ag 
1/°7 


1/°0 
I/Oa 


AS 
I/Oa 


As 
1/°5 
1/°1 
1/°5 
WE 
1/°4 
1/°2 
1/°4 


Vss 
1/°3 


VCC 
1/°3 


NE 
Vss 


3826 
FHD 
F02 
NC 
1/°2 


A7 
110, 


As 
1/°0 


AS 
AO 


3826 
FHO F15.1 
A4 
A, 


A3 
A2 


DESCRIPTION 


The Xicor X20C16 isa 2K x 8 NOVRAM featuring a high- 
speed static RAM overlaid bit-for-bit with a nonvolatile 
electrically 
erasable 
PROM 
(E2PROM) 
and the 


AUTOSTORE feature which automatically saves the 
RAM contents to E2PROMat power-down. The X20C16 
isfabricated with advanced CMOS floating gate technol- 
ogy to achieve high speed with low power and wide 
power-supply margin. The X20C16 features a compat- 
ible JEDEC approved pinout for byte-wide memories, 
for industry standard RAMs, ROMs, EPROMs, and 
E2PROMs. 
• 


The NOVRAM design allows data to be easily trans- 
ferred from RAM to E2PROM (store) and E2PROM to 
RAM (recall). The store operation iscompleted in 5ms or 
less and the recall operation is completed in 10~s or 
less. An automatic array recall operation reloads the 
contents of the E2PROM into RAM upon power-up. 


Xicor NOVRAMS are designed for unlimited write 
operations to RAM, either from the host or recalls from 
E2PROM,and a minimum 1,000,000 store operations to 
the E2PROM. Data retention is specified to be greater 
than 100 years. 


LCC 
PLCC 


.t g I~ g J51~I~ 


Aa 


AS 


A4 


A3 


A2 


A1 
0IZ ,. ,. Z "1:;:[,": < ZIZ ,. ,.,. ,. ,. 
A. 


mOlD 
CD O(J)m~g 
mo-...lOlIJl"*,"w 
''0 


NC 
3826 ILL F17.2 
1/0 
0 


Addresses (Ao-A10) 


The 
Address 
inputs 
select 
an 8-bit 
memory 
location 


during 
a read or write operation. 


Chip Enable (CE) 


The Chip Enable input must be LOW to enable all read/ 
write operations. 
When CE is HIGH, power consumption 


is reduced. 


Output Enable (OE) 


The Output Enable input controls the data output buffers 
and is used to initiate read and recall operations. 
Output 


Enable 
LOW 
disables 
a store operation 
regardless 
of 


the state of CE, WE, or NE. 


Data In/Data Out (1/00-1/07) 


Data is written 
to or read from the X20C16 
through 
the 


I/O pins. The I/O pins are placed 
in the high impedance 


statewheneitherCE 
orOE 
is HIGH orwhen 
NE is LOW. 


Write Enable (WE) 


The Write Enable 
input controls 
the writing of data to the 


static RAM. 


Nonvolatile Enable (NE) 


The Nonvolatile 
Enable input controls 
the recall function 


to the E2PROM 
array. 


AUTOSTORE Output (AS) 


AS is an open drain output 
which, 
when asserted 
indi- 


cates Vcc has fallen below the AUTOSTORE 
threshold 


(V ASTH). AS may be wire-ORed 
with multiple 
open drain 


outputs and used as an interrupt inputto a microcontroller. 


Symbol 
Description 


Ao-AlO 
Address 
Inputs 


1/00-1/07 
Data Input/Output 


WE 
Write 
Enable 


CE 
Chip Enable 


OE 
Output 
Enable 


NE 
Nonvolatile 
Enable 


AS 
AUTOSTORE 
Output 


VCC 
+5V 
VSS 
Ground 


NC 
No Connect 


EEPROM ARRAY 


~V' 
fYv~ 
~«;a~ 
,<..0 


"" 


HIGH SPEED 


2K x 8 
SRAM 
ARRAY 


COLUMN 
SELECT 


& 


IIOS 


DEVICE OPERATION 


The CE, OE, WE, and NE inputs control the X20C16 
operation. The X20C16 byte-wide NOVRAM uses a 
2-line control architecture to eliminate bus contention in 
a system environment. The I/O bus will be in a high 
impedance state when either OE or CE is HIGH, or 
when NE is LOW. 


RAM Operations 


RAM read and write operations are performed as they 
would be with any static RAM. A read operation requires 
CE and OE to be LOW with WE and NE HIGH. A write 
operation requires CE and WE to be LOW with NE 
HIGH. There is no limit to the number of read or write 
operations performed to the RAM portion of the X20C16. 


Memory Transfer Operations 


There are two memory transfer operations: a recall 
operation whereby the data stored in the E2PROMarray 
is transferred to the RAM array; and a store operation 
which causes the entire contents of the RAM array to be 
stored in the E2PROM array. 


Recall operations are performed automatically upon 
power-up and under host system control when NE, OE 
and CE are LOW and WE is HIGH. The recall operation 
takes a maximum of 5J.l.s. 


SOP (Software Data Protection) 


There are two methods of initiating a store operation. 
The first is the software store command. This command 
takes the place of the hardware store employed on the 
X20C04. This command is issued by entering into the 
special command mode: NE, CE, and WE strobe LOW 
while at the same time a specific address and data 
combination is sent to the device. This is a three step 
operation: the first address/data combination is 555[H]/ 
AA[H]; the second combination is2AA[H]/55[H]; and the 
final command combination is 555[H]/33[H]. This se- 
quence of pseudo write operations will immediately 
initiate a store operation. Refer to the software com- 
mand timing diagrams for details on set and hold times 
for the various signals. 


The second 
method 
of storing 
data 
is with 
the 


AUTOSTORE command. When enabled, data is auto- 


matically stored from the RAM into the E2PROM array 
whenever Vcc falls below the preset Autostore thresh- 
old. This feature is enabled by performing the first two 
steps for the software store with the command combina- 
tion being 555[H]/CC[H]. 


The AUTOSTORE feature is disabled by issuing the 
three step command sequence with the command com- 
bination being 555[H]/CD[H]. The AUTOSTORE feature 
will also be reset if Vcc falls below the power-up reset 
threshold (approximately 3.5V) and is then raised back 
into the operation range. 


Write Protection 


The X20C16 supports two methods of protecting the 
nonvolatile data. 
• 


-If 
after power-up the AUTOSTORE feature is not 


enabled, no AUTOSTORE can occur. 


-Vcc 
Sense - All functions are inhibited when Vcc is 
S; 3.0V typical. 


SYMBOL TABLE 


The following symbol table provides a key to under- 
standing the conventions used in the device timing 
diagrams. The diagrams should be used in conjunction 
with the device timing specifications to determine actual 
device operation and performance, as well as device 
suitability for user's application. 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 
JZr 


May change 
Will change 
from LOW 
from LOW 
to HIGH 
to HIGH 


~ 


May change 
Will change 


from HIGH 
from HIGH 
to LOW 
to LOW 
'ltfj, 


Don·t Care: 
Changing: 


Changes 
State Not 
Allowed 
Known 
H 


N/A 
Center Line 
is High 
Impedance 


ABSOLUTE MAXIMUM RATINGS* 
Temperature 
under 
Bias 
-65°C 
to + 135°C 


Storage 
Temperature 
-65°C 
to +150°C 


Voltage 
on any Pin with 
Respect 
to VSS 
-1V 
to +7V 


D.C. Output 
Current 
10mA 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


RECOMMENDED OPERATING CONDITIONS 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


*COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device 
at these 
or any conditions 
other than those 


indicated in the operational 
sections of this specification 
is 


not implied. Exposure to absolute 
maximum 
rating condi- 


tions for extended 
periods 
may affect device 
reliability. 


Supply Voltage 


X20C16 


Limits 


5V±10% 


3826 
PGM 
T03.1 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


ICCI 
Vcc 
Current 
(Active) 
100 
mA 
NE = WE = VIH, CE = OE = Vil 
Address 
Inputs = 0.4V/2.4V 
Levels 


@ f = 20MHz 
All II0s = Open 


ICC2 
Vcc 
Current 
During 
Store 
5 
mA 
All Inputs = VIH 


ICC3(2) 
Vcc 
Current 
During 
2.5 
mA 
All II0s = Open 
AUTOSTORE 


ISB1 
Vcc 
Standby 
Current 
10 
mA 
CE = VIH, All Other 
Inputs = VIH 
(TTL Input) 
All II0s = Open 


ISB2 
Vcc 
Standby 
Current 
250 
!-!A 
All Inputs = Vcc - 0.3V 
(CMOS 
Input) 
All II0s = Open 


III 
Input Leakage 
Current 
10 
!-!A 
VIN = Vss to Vcc 


ILO 
Output 
Leakage 
Current 
10 
!-!A 
VOUT = Vss to Vcc. 
CE = VIH 


Vll(l) 
Input LOW Voltage 
-1 
0.8 
V 


VIH(I) 
Input HIGH Voltage 
2 
Vcc+ 
0.5 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOl=4mA 


VOlAS 
AUTOSTORE 
Output 
0.4 
V 
IOlAS = 1mA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH =-4mA 


Symbol 
I 
Parameter 
Max. 
Units 


tpUR(2) 
Power-Up 
to RAM Operation 
100 
!-!s 


tpUW(2) 
Power-Up 
to Nonvolatile 
Operation 
5 
ms 


Symbol 
Test 
Max. 
Units 
Conditions 


CI/O(2) 
Input/Output 
Capacitance 
10 
pF 
Vl/o=OV 


CIN(2) 
Input Capacitance 
6 
pF 
VIN = OV 


Notes: 
(1) VIL min. and VIH max. are for reference only and are not tested. 
(2) This parameter 
is periodically sampled and not 100% tested. 


Parameter 
Min. 
Units 


Endurance 
100,000 
Data Changes Per Bit 
Store Cycles 
1,000,000 
Store Cycles 


Data Retention 
100 
Years 


CE 
WE 
NE 
OE 
Mode 
1/0 
Power 


H 
X 
X 
X 
Not Selected 
Output High Z 
Standby 


L 
H 
H 
L 
Read RAM 
Output Data 
Active 


L 
L 
H 
X 
Write "1" RAM 
Input Data High 
Active 
L 
L 
H 
X 
Write "0" RAM 
Input Data Low 
Active 
L 
H 
L 
L 
Array Recall 
Output High Z 
Active 


L 
L 
L 
H 
Software Command 
Input Data 
Active 


L 
H 
H 
H 
Output Disabled 
Output High Z 
Active 


L 
L 
L 
L 
Not Allowed 
Output High Z 
Active 


L 
H 
L 
H 
No Operation 
Output High Z 
Active 


Input Pulse Levels 
OVto 3V 
Input Rise and 
Fall Times 
5ns 


Input and Output 
Timing Levels 
1.5V 


130PF 


-- 


A.C. CHARACTERISTICS 
(Over 
the recommended 
operating 
conditions 
unless 
otherwise 
specified) 


Read Cycle 
Limits 


X20C16-35 
X20C16-45 
X20C16-55 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tRC 
Read 
Cycle 
Time 
35 
45 
55 
ns 


tCE 
Chip 
Enable 
Access 
Time 
35 
45 
55 
ns 


tAA 
Address 
Access 
Time 
35 
45 
55 
ns 


tOE 
Output 
Enable 
Access 
Time 
20 
25 
30 
ns 


tLZ(3) 
Chip 
Enable 
to Output 
in Low Z 
0 
0 
0 
ns 


tOLZ(3) 
Output 
Enable 
to Output 
in Low Z 
0 
0 
0 
ns 


tHZ(3) 
Chip 
Disable 
to Output 
in High Z 
0 
15 
0 
20 
0 
25 
ns 


tOHZ(3) 
Output 
Disable 
to Output 
in High Z 
0 
15 
0 
20 
0 
25 
ns 


tOH 
Output 
Hold 
From 
Address 
Change 
0 
0 
0 
ns 


Note: 
(3) tLZ min., tHZ, tOLZ min., and tOHZare periodically sampled and not 100% tested. tHZ max. and tOHZ max. are measured, with 
CL; 
5pF, from the point when CE or OE return HiGH (whichever occurs first) to the time when the outptus are no longer driven. 


X20C16-35 
X20C16-45 
X20C16-55 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


twc 
Write Cycle Time 
35 
45 
55 
ns 


tcw 
Chip Enable to End of Write 
Input 
30 
35 
40 
ns 


tAS 
Address 
Setup Time 
0 
0 
0 
ns 


twP 
Write 
Pulse Width 
30 
35 
40 
ns 


tWR 
Write 
Recovery 
Time 
0 
0 
0 
ns 


tDw 
Data Setup to End of Write 
15 
20 
25 
ns 


tDH 
Data Hold Time 
3 
3 
3 
ns 


twZ(4) 
Write 
Enable to Output 
in High Z 
15 
20 
25 
ns 


tOW(4) 
Output 
Active 
from End of Write 
5 
5 
5 
ns 


tOZ(4) 
Output 
Enable to Output 
in High Z 
15 
20 
25 
ns 
-- 


IDW 


DATA VALID 


X20C16-35 
X20C16-45 
X20C16-55 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tRCC 
Array 
Recall 
Cycle Time 
10 
10 
10 
liS 


tRCp(5) 
Recall 
Pulse Width to 
30 
40 
50 
ns 


Initiate Recall 


tRwE 
WE Setup Time to NE 
0 
0 
0 
ns 


«((((0 


-- 


X20C16-35 
X20C16-45 
X20C16-55 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tSTO 
Store Cycle Time 
5 
5 
5 
ms 


tsp(6) 
Store Pulse Width 
30 
40 
50 
ns 


tSPH 
Store Pulse Hold Time 
35 
45 
55 
ns 


twc 
Write Cycle Time 
35 
45 
55 
ns 


tAS 
Address 
Setup Time 
0 
0 
0 
ns 


tAH 
Address 
Hold time 
0 
0 
0 
ns 


tDS 
Data Setup Time 
15 
20 
25 
ns 


tDH 
Data Hold Time 
3 
3 
3 
ns 


tSOE(7) 
OE Disable 
to Store Function 
20 
20 
20 
ns 


tOEST(7) 
Output 
Enable 
from End of Store 
10 
10 
10 
ns 


tNHZ(7) 
Nonvolatile 
Enable to Output 
in 
15 
20 
25 
ns 


High Z 


tNES 
NE Setup Time 
5 
5 
5 
ns 


tNEH 
NE Hold Time 
5 
5 
5 
ns 


Note: 
(6) The Store Pulse Width (tsp) is a minimum time that NE, WE and CE must be LOW simultaneously. 
(7) tSOE, tOEST and tNHZ are periodically sampled and not 100% tested. 


-- 


X20C16 


AUTOSTORE 
Feature 


The AUTOSTORE 
feature 
automatically 
saves the con- 


tents of the X20C16's 
static RAM to the on-board 
bit-for- 


bit shadow 
E2PROM 
at power-down. 
This circuitry 
in- 
sures that no data is lost during accidental 
power-downs 


or general system crashes, 
and is ideal for microproces- 


sor caching 
systems, 
embedded 
software 
systems, 
and 


general 
system 
back-up 
memory. 


The AUTOSTORE 
instruction 
(EAS) to the SDP register 


sets the AUTOSTORE 
enable latch, allowing the X20C16 


to automatically 
perform 
a store 
operation 
whenever 


Vcc 
falls below 
the AUTOSTORE 
threshold 
(VASTH). 


Vcc 
must remain 
above 
the AUTOSTORE 
Cycle 
End 


Voltage 
(VASENO) for the 
duration 
of the 
store 
cycle 


(tASTO). The detailed 
timing for this feature 
is illustrated 


in the AUTOSTORE 
timing 
diagram, 
below. 
Once the 


AUTOSTORE 
cycle 
is initiated, 
all other 
device 
func- 


tions are inhibited. 


vcc 
j 
D 


AUTOSTORECYCLEIN PROGRESS 
f 


tASTO 
STORETIME 


X20C16 


Symbol 
Parameter 
Min. 
Max. 
Units 


tASTO 
AUTOSTORE 
Cycle Time 
2.5 
ms 


VASTH 
AUTOSTORE 
Threshold 
Voltage 
4.0 
4.3 
V 


VASENO 
AUTOSTORE 
Cycle 
End Voltage 
3.5 
V 


3826 
PGMT15 


NO STORE 


ri 
Q)a: 
(; 
~ 
~ 
NO STORE 


:::;:«a: 


ADDR555, 


DATAAA 


NO STORE 


STORE ON SS 
OR 
ENABLE/RESET 


AUTOSTORE 


Command 
Data 


EAS 
Enable 
AUTOSTORE 
CC[H] 


RAS 
Reset AUTOSTORE 
CD[H] 


SS 
Software 
Store 
33[H] 


-- 
JSS 


Power Down 
(AUTOSTORE) 


X20C16 
~T 


-xL Access 
Time 
-35 = 35ns 
-45 = 45ns 
-55 = 55ns 


Temperature 
Range 
Blank = Commercial = DOCto +7DoC 
I = Industrial = -4DoC to +85°C 
M = Military = -55°C to +125°C 
MB = Mil. STD 883 


Package 
D = 28-Lead Cerdip 
P = 28 Lead Plastic Dip 
E = 32-Pad Ceramic LCC 
J = 32-Lead PLCC 
S = 28-Lead SOIC 
T = 32-Lead TSOP 


LIMITED WARRANTY 
Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification 
provisions appearing in its Terms of Sale only. Xicor, Inc. makes 


no warranty, 
express, statutory, 
implied, or by description 
regarding the information set forth herein or regarding the freedom of the described 
devices from patent infringement. 
Xicor, Inc. makes no warranty of merchantability 
or fitness tor any purpose. Xicor, Inc. reserves the right to 


discontinue 
production 
and change specifications 
and prices at any time and without notice. 


Xicor, Inc. assumes no responsibility 
for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product. No other circuits, patents, 


licenses are implied. 


us. PATENTS 
Xicor products are covered by one or more of the following U.S. Patents: 4,263,664; 4,274,012; 4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 


4,404,475; 
4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829,482; 
4,874,967; 
4,883,976. 
Foreign patents and additional patents pending. 


LIFE RELATED POLICY 
In situations 
where semiconductor 
component 
failure may endanger life, system designers 
using this product should design the system with 
appropriate 
error detection and correction, 
redundancy and back-up features to prevent such an occurrence. 


Xicor's products are not authorized 
for use as critical components 
in life support devices or systems. 
1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain life, 
and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be reasonably expected 
to result in a significant 
injury to the user. 


2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to cause the failure 
of the life support device or system, or to affect its satety or effectiveness. 


ApPLICATION 
NOTE 


AVAILABLE 


AN56 
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FEATURES 


• 24-Pin Standard 
SRAM DIP Pinout 


• Fast Access 
Time: 
35ns, 45ns, 55ns 


• High Reliability 


-Endurance: 
1,000,000 Nonvolatile 
Store 


Operations 


-Retention: 
100 Years Minimum 


• AUTOSTORETM NOVRAM 


-Automatically 
Stores 
SRAM Data Into the 


E2pROM Array 
When Vcc Low Threshold 
is 


Detected 


-E2pROM 
Data Automatically 
Recalled 
Into 


RAM Upon Power-up 


• Low Power CMOS 


-Standby: 
250~ 


• Infinite 
E2pROM Array 
Recall, and RAM Read 


and Write Cycles 


DESCRIPTION 


The Xicor X20C17 
is a 2K x 8 NOVRAM 
featuring 
a high- 


speed static RAM overlaid 
bit-for-bit 
with a nonvolatile 


electrically 
erasable 
PROM 
(E2PROM) 
and 
the 


AUTOSTORE 
feature 
which 
automatically 
saves 
the 


RAM contents to E2pROM at power-down. 
The X20C17 


is fabricated 
with advanced 
CMOS floating gate technol- 


ogy to achieve 
high speed 
with 
low power 
and wide 


power-supply 
margin. The X20C17 
features 
a compat- 


ible 
JEDEC 
approved 
byte-wide 
memory 
pinout 
for 


industry 
standard 
SRAMs. 


The 
NOVRAM 
design 
allows 
data to be easily 
trans- 


ferred 
from RAM to E2pROM 
(store) 
and E2pROM 
to 


RAM (recall). The store operation 
is completed 
in 2.5ms 


or less. An automatic 
array recall operation 
reloads the 


contents 
of the E2pROM 
into RAM upon power-up. 


Xicor 
NOVRAMS 
are 
designed 
for 
unlimited 
write 


operations 
to RAM, either from the host or recalls from 


E2pROM, and a minimum 
1,000,000 
store operations 
to 


the E2pROM. 
Data retention 
is specified 
to be greater 


than 100 years. 


PIN CONFIGURATION 


PLASTIC 
CERDIP 


A7 
1 
24 
VCC 


A6 
2 
23 
A8 
As 
3 
22 
A9 


A4 
4 
21 
WE 
- 
A3 
5 
20 
OE 


A2 
6 
19 
AlO 
X20C17 


A1 
7 
18 
CE 
AO 
8 
17 
1/07 
1/00 
9 
16 
1106 
1/01 
10 
15 
1105 


1/02 
11 
14 
1104 
Vss 
12 
13 
1/03 


2015 ILL F02 


AUTOSTORET'" 
NOVRAM 
is a trademar1< of Xicor. 
Inc. 


@Xicor, 
Inc. 1992, 
1995 
Patents 
Pending 
1-61 


Characteristics 
subject 
to change 
without 
notice 
2015·2.35/25195 TB/C4/D1 
TD 


-- 


Addresses 
(Ao-A10) 


The 
Address 
inputs 
select 
an a-bit 
memory 
location 


during a read or write operation. 


Chip Enable 
(CE) 


The Chip Enable input must be LOW to enable all read! 
write operations. 
When CE is HIGH, power consumption 


is reduced. 


Output 
Enable 
(OE) 


The Output Enable input controls the data output buffers 
and is used to initiate read and recall operations. 
Output 


Enable 
LOW disables 
a store operation 
regardless 
of 


the state of CE, WE. 


Data In/Data 
Out (1/00-1/07) 


Data is written 
to or read from the X20C17 
through 
the 


I/O pins. The I/O pins are placed in the high impedance 
state when either CE or OE is HIGH. 


Write 
Enable 
(WE) 


The Write Enable input controls the writing of data to the 
static RAM. 


Symbol 
Description 


Ao-A10 
Address 
Inputs 
1/00-1/07 
Data Input/Output 


WE 
Write Enable 


CE 
Chip Enable 


OE 
Output 
Enable 
VCC 
+5V 
VSS 
Ground 


HIGH SPEED 


2K x B 
SRAM 
ARRAY 


COLUMN 
SELECT 


& 


IIOS 


EEPROM ARRAY 


~V' 
~~~V; 
<2<v 
",0 
'" 


DEVICE 
OPERATION 


The CE, OE, and WE inputs control the X20C17 opera- 
tion. 
The 
X20C17 
byte-wide 
NOVRAM 
uses 
a 


2-line control architecture to eliminate bus contention in 
a system environment. The 1/0 bus will be in a high 
impedance state when either OE or CE is HIGH. 


RAM Operations 


RAM read and write operations are performed as they 
would bewith any static RAM. A read operation requires 
CE and OE to be LOW. A write operation requires CE 
and WE to be LOW. There is no limit to the number of 
read or write operations performed to the RAM portion 
of the X20C17. 


Memory 
Transfer 
Operations 


There are two memory transfer operations: a recall 
operation whereby the data stored inthe E2PROMarray 
is transferred to the RAM array; and a store operation 
which causes the entire contents of the RAMarray to be 
stored in the E2PROM array. 


Recall operations are performed automatically upon 
power-up. 


Store operations are performed automatically upon 
power-down. The store operation take a maximum of 
2.5ms. 


Write Protection 


The X20C17 supports two methods of protecting the 
nonvolatile data. 


-If 
after power-up no RAM write operations have 


occured, no AUTOSTORE operation can be initiated. 


-Vcc 
Sense - All functions are inhibited when Vcc is 


~ 3Vtypical. 


SYMBOL 
TABLE 


The following symbol table provides a key to under- 
standing the conventions used in the device timing 
1 


diagrams. The diagrams should be used in conjunction 
with the device timing specifications to determine actual 
device operation and performance, as well as device 
suitability for user's application. 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 
JlT 


May change 
Will change 


from LOW 
from LOW 


to HIGH 
to HIGH 


~ 


May change 
Will change 
from HIGH 
from HIGH 


to LOW 
to LOW 


XXXX 


Don't Care: 
Changing: 


Changes 
State Not 


Allowed 
Known 
" 


N/A 
Center Line 
is High 
Impedance 


ABSOLUTE 
MAXIMUM 
RATINGS' 
Temperature 
under Bias 
-65°C 
to + 135°C 
Storage 
Temperature 
-65°C 
to + 150°C 


Voltage 
on any Pin with 
Respect 
to VSS 
-1V 
to +7V 
D.C. Output 
Current 
10mA 
Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


'COMMENT 
Stresses 
above those listed under "Absolute 
Maximum 


Ratings" 
may cause permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any conditions 
other than those 


indicated in the operational 
sections of this specification 
is 


not implied. Exposure to absolute maximum 
rating condi- 


tions for extended 
periods may affect device reliability. 


Supply 
Voltage 


X20C17 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test 
Conditions 


lee1 
Vee Current 
(Active) 
100 
mA 
WE = VIH, CE = OE = VIL 
Address 
Inputs = 0.4V/2.4V 
Levels 


@ f = 20MHz, 
All II0s = Open 


lee2(2) 
Vee Current 
During 
2.5 
mA 
All II0s = Open 
AUTOSTORE 


IS81 
Vee Standby 
Current 
10 
mA 
All Inputs = VIH, All I/Os = Open 


(TTL Input) 


IS82 
Vee Standby 
Current 
250 
~A 
All Inputs = Vee - 0.3V 
(CMOS 
Input) 
All II0s = Open 


III 
Input Leakage 
Current 
10 
~A 
VIN = Vss to Vee 


ILO 
Output 
Leakage 
Current 
10 
~A 
VOUT = Vss to Vee, CE = VIH 


VIL(l) 
Input LOW Voltage 
-1 
0.8 
V 


VIH(l) 
Input HIGH Voltage 
2 
Vee + 1 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL = 4mA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH = -4mA 


Symbol 
Parameter 
Max. 
Units 


tpUR(2) 
Power-Up 
to RAM Operation 
100 
~s 


tpUW(2) 
Power-Up 
to Nonvolatile 
Operation 
5 
ms 


Symbol 
Test 
Max. 
Units 
Conditions 


Cl/d2) 
Input/Output 
Capacitance 
10 
pF 
VI/O= 
OV 


CIN(2) 
Input Capacitance 
6 
pF 
VIN = OV 


Notes: 
(1) VIL min. and VIH max. are for reference only and are not tested. 
(2) This parameter is periodically sampled and not 100% tested. 


Parameter 
Min. 
Units 


Endurance 
100,000 
Data Changes 
Per Bit 


Store Cycles 
1,000,000 
Store Cycles 


Data Retention 
100 
Years 
-- 


CE 
WE 
OE 
Mode 
110 
Power 


H 
X 
X 
Not Selected 
Output 
High Z 
Standby 


L 
H 
L 
Read RAM 
Output 
Data 
Active 


L 
L 
H 
Write "1" RAM 
Input Data High 
Active 


L 
L 
H 
Write "0" RAM 
Input Data Low 
Active 


L 
L 
L 
Not Allowed 
Output 
High Z 
Active 


L 
H 
H 
No Operation 
Output 
High Z 
Active 


Input Pulse Levels 
OVto 
3V 


Input Rise and 
Fall Times 
5ns 


Input and Output 
Timing 
Levels 
1.5V 


A.C. CHARACTERISTICS 
(Over 
the recommended 
operating 
conditions 
unless 
otherwise 
specified) 


Read Cycle 
Limits 


X20C17-35 
X20C17-45 
X20C17-55 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tRC 
Read 
Cycle 
Time 
35 
45 
55 
ns 


tCE 
Chip 
Enable 
Access 
Time 
35 
45 
55 
ns 


tAA 
Address 
Access 
Time 
35 
45 
55 
ns 


tOE 
Output 
Enable 
Access 
Time 
20 
25 
30 
ns 


tLZ(3) 
Chip 
Enable 
to Output 
in Low Z 
0 
0 
0 
ns 


tOLZ(3) 
Output 
Enable 
to Output 
in Low Z 
0 
0 
0 
ns 


tHZ(3) 
Chip 
Disable 
to Output 
in High Z 
0 
15 
0 
20 
0 
25 
ns 


tOHZ(3) 
Output 
Disable 
to Output 
in High Z 
0 
15 
0 
20 
0 
25 
ns 


tOH 
Output 
Hold 
From 
Address 
Change 
0 
0 
0 
ns 


Note: 
(3) tLZ min., tHZ, tOLZ min., and tOHZare periodically sampled and not 100% tested. tHZ max. and tOHZmax. are measured, with 
CL = 5pF, from the point when CE or OE return HIGH (whichever occurs first) to the time when the Outputs are no longer driven. 


X20C17-35 
X20C17-45 
X20C17-55 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


twc 
Write Cycle Time 
35 
45 
55 
ns 


tcw 
Chip Enable to End of Write Input 
30 
35 
40 
ns 


tAS 
Address 
Setup Time 
0 
0 
0 
ns 


twP 
Write 
Pulse Width 
30 
35 
40 
ns 


tWR 
Write Recovery 
Time 
0 
0 
0 
ns 


tDW 
Data Setup to End of Write 
15 
20 
25 
ns 


tDH 
Data Hold Time 
3 
3 
3 
ns 


tOEH 
OE High Hold Time 
0 
0 
0 
ns 


tOES 
OE High Setup Time 
0 
0 
0 
ns 


tOZ(4) 
Output 
Enable to Output 
in High Z 
15 
20 
25 
ns 
-- 


AUTOSTORE 
Feature 


The AUTOSTORE 
feature automatically 
saves the con- 


tents of the X20C17's 
static RAM to the on-board 
bit-for- 


bit shadow 
E2PROM 
at power-down. 
This circuitry 
in- 


sures that no data is lost during accidental 
power-downs 


or general system crashes, 
and is ideal for microproces- 


sor caching 
systems, 
embedded 
software 
systems, 
and 


general 
system 
back-up 
memory. 


The X20C17 
automatically 
initiates 
a nonvolatile 
store 


cycle whenever Vccfalls 
below the AUTOSTORE 
thresh- 


old 
voltage 
(VASTH). Vcc 
must 
remain 
above 
the 


AUTOSTORE 
Cycle End Voltage (VASENO)forthe 
dura- 


tion of the store cycle (tASTO)' The detailed timing forthis 
feature 
is illustrated 
in the AUTOSTORE 
timing 
dia- 


gram, below. Once the AUTOSTORE 
cycle is initiated, 


all other device functions 
are inhibited. 


vcc 
I 
AUTOSTORECYCLEIN PROGRESS VASTH 
! 
VASENO 


X20C17 


Symbol 
Parameter 
Min. 
Max. 
Units 


tASTO (5) 
AUTOSTORE 
Cycle Time 
2.5 
ms 


VASTH 
AUTOSTORE 
Threshold 
Voltage 
4.0 
4.3 
V 


VASENO(5) 
AUTOSTORE 
Cycle End Voltage 
3.5 
V 


1.4 


1.2 
VCC=5.5V 
-- 


1.0 
VCC = 5.0V - - • 
VCC=4.5V 
- 


0 
0.8 
w 
N:J« 
;:;: 
0.6 
--- 
a: 
--- --- 
0 
--- 
6 
--- 
0 
0.4 


.Y 


0.2 


• 


0.0 
o 
1.0 
2.0 
3.0 
4.0 
5.0 
5.5 
6.6 
8.3 10.0 11.1 12.5 13.3 14.3 15.2 16.7 20.0 25.0 30.0 


FREQUENCY (MHz) 


1.4 


1.2 
·55°C-- 


1.0 
+25°C - - • 
+125°C - 


0 
0.8 
w 
N:J« 
;:;: 
0.6 
--- 
a: 
--- 
06 
0.4 
0 
.Y 


0.2 


0.0 
o 
1.0 
2.0 
3.0 
4.0 
5.0 
5.5 
6.6 
8.3 10.011.112.513.314.315.216.720.025.030.0 


FREQUENCY (MHz) 


X20C17 
_T 


-xL Access Time 
-35 
= 35ns 


-45 
= 45ns 
-55 
= 55ns 


'----- 
Temperature 
Range 
Blank = Commercial 
= O°C to +70°C 


I = Industrial = -40°C 
to +85°C 
M = Military = -55°C 
to + 125°C 


Package 
D = 24 Lead Cerdip 
P = 24 Lead Plastic Dip 


LIMITED WARRANTY 
Devices sold by Xicor,lnc. 
are covered by the warranty and patent indemnification provisions appearing in its Terms of Sale only. Xicor, Inc. makes 
no warranty, express, statutory, implied, or by description regarding the information set forth herein or regarding the freedom of the described 
devices from patent infringement. 
Xicor, Inc. makes no warranty of merchantability 
or fitness tor any purpose. Xicor, Inc. reserves the right to 
discontinue production and change specifications 
and prices at any time and without notice. 


Xicor, Inc. assumes no responsibility for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product. No other circuits, patents, 
licenses are implied. 


US. PATENTS 
Xicor products are covered by one or more of the following U.S. Patents: 4,263,664; 4,274,012; 4,300,212; 4,314,265; 4,326,134; 
4,393,481; 


4,404,475; 
4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829,482; 
1,874,967; 


4,883,976. 
Foreign patents and additional patents pending. 


LIFE RELATED POLICY 
In situations where semiconductor 
component 
failure may endanger life, system designers using this product should design the system with 
appropriate error detection and correction, redundancy and back-up features to prevent such an occurrence. 


Xicor's products are not authorized for use as critical components in life support devices or systems. 
1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain life, 


and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be reasonably expected 
to result in a significant injury to the user. 
2. A critical component is any component of a :ife support device or system whose failure to perform can be reasonably expected to cause the failure 
of the life support device or system, or to affect its satety or effectiveness. 
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FEATURES 


• Advanced 
CMOS Version of Xicor's X2444 
• 16 x 16 Organization 
• Single 5 Volt Supply 
• Ideal for use with Single Chip Microcomputers 
-Static 
Timing 
-Minimum 
1/0 Interface 
-Serial 
Port Compatible 
(COPSTM,8051) 
-Easily 
Interfaced to Microcontroller 
Ports 
• Software and Hardware Control of Nonvolatile 
Functions 
• Auto Recall on Power-Up 
• TTL and CMOS Compatible 
• Low Power Dissipation 
-Active 
Current: 10mA Maximum 
-Standby 
Current: 501lA Maximum 
• 8-Pin Mini-DIP and 8-Lead SOIC Packages 
• High Reliability 
-Store 
Cycles: 1,000,000 
-Data 
Retention: 
100 Years 


DESCRIPTION 


The Xicor X24C44 is a serial 256 bit NOVRAM featuring 
a static RAM configured 16 x 16, overlaid bit-by-bit with 
a nonvolatile E2PROM array. The X24C44 is fabricated 
with Xicor's Advanced CMOS Floating Gate technology. 


The Xicor NOVRAM design allows data to betransferred 
between the two memory arrays by means of software 
commands or external hardware inputs. A store opera- 
tion (RAM data to E2PROM) is completed in 5ms or less 
and a recall operation (E2PROM data to RAM) is com- 
pleted in 2J.lsor less. 


Xicor NOVRAMs are designed for unlimited write opera- 
tions to RAM, either from the host or recalls from 
E2PROM and a minimum 1,000,000 store operations. 
Inherent data retention is specified to be greater than 
100 years. 


• 


CE (1) 


Dl (3) 
SK(2) 


STATIC 
RAM 


256-BIT 


RECALL (6) 


STORE (7) 


PIN DESCRIPTIONS 


Chip Enable (CE) 


The Chip Enable input must be HIGH to enable all read/ 
write operations. CE must remain HIGH following a 
Read or Write command until the data transfer is com- 
plete. CE LOW places the X24C44 in the low power 
standby mode and resets the instruction register. There- 
fore, CE must be brought LOW after the completion of an 
operation in order to reset the instruction register in 
preparation for the next command. 


Serial Clock (SK) 


The Serial Clock input is used to clock all data into and 
out of the device. 


Data In (01) 


Data In is the serial data input. 


Data Out (DO) 


Data Out is the serial data output. It is in the high 
impedance state except during data output cycles in 
response to a READ instruction. 


STORE 


STORE LOW will initiate an internal transfer of data from 
RAM to the E2PROM array. 


RECALL 


RECALL LOW will initiate an internal transfer of data 
from E2PROM to the RAM array. 


DIP/SOle 


CE 
1 
8 
vCC 
SK 
2 
7 
STORE 


DI 
X24C44 
RECALL 
3 
6 


DO 
4 
5 
vSS 


Symbol 
Description 
CE 
Chip Enable 
SK 
Serial Clock 


01 
Serial Data In 
DO 
Serial Data Out 
RECALL 
Recall Input 
STORE 
Store Input 


Vcc 
+5V 


Vss 
Ground 


The X24C44 
contains 
an 8-bit instruction 
register. 
It is 
accessed 
via the DI input, with data being clocked 
in on 


the rising edge of SK. CE must be HIGH during the entire 
data transfer 
operation. 


Table 
1. contains 
a list of the 
instructions 
and 
their 
operation 
codes. 
The most significant 
bit (MSB) 
of all 


instructions 
is a logic one (HIGH), 
bits 6 through 
3 are 


either 
RAM address 
bits (A) or don't cares (X) and bits 


2 through 
0 are 
the 
operation 
codes. 
The 
X24C44 


requires the instruction 
to be shifted in with the MSB first. 


After CE is HIGH, the X24C44 
will not begin to interpret 


the data stream until a logic "1" has been shifted in on DI. 
Therefore, 
CE may be brought 
HIGH with SK running 


and DI LOW. DI must then go HIGH to indicate the start 
condition 
of an instruction 
before the X24C44 
will begin 


any action. 


In addition, 
the SK clock 
is totally static. The user can 


completely 
stop the clock and data shifting will be stopped. 
Restarting 
the clock will resume shifting of data. 


RCL and RECALL 


Either 
a software 
RCL 
instruction 
or a LOW 
on the 


RECALL 
input will initiate 
a transfer 
of E2PROM 
data 


into RAM. 
This 
software 
or hardware 
recall operation 


sets an internal "previous 
recall" latch. This latch is reset 


upon power-up 
and must be intentionally 
set by the user 


to enable any write or store operations. 
Although 
a recall 


operation 
is performed 
upon 
power-up, 
the 
previous 


recall latch is not set by this operation. 


WRDS and WREN 


Internally the X24C44 contains a "write enable" latch. This 
latch must be set for either writes to the RAM or store 


operations 
to the E2PROM. 
The WREN 
instruction 
sets 


the 
latch 
and 
the WRDS 
instruction 
resets 
the 
latch, 


disabling 
both RAM writes and E2PROM 
stores, 
effec- 


tively protecting the nonvolatile 
data from corruption. 
The 


write enable latch is automatically 
reset on power-up. 


STO and STORE 


Either the software 
STO 
instruction 
or a LOW on the 


STORE 
input will initiate a transfer 
of data from RAM to 
2 


E2PROM. 
In orderto 
safeguard 
against 
unwanted 
store 


operations, 
the following 
conditions 
must be true: 


• STO instruction 
issued or STORE 
input is LOW. 


• The internal 
"write enable" 
latch must be set 


(WREN 
instruction 
issued). 


• The "previous 
recall" latch must be set (either 
a 


software 
or hardware 
recall operation). 


Once the store cycle 
is initiated, 
all other 
device 
func- 


tions are inhibited. 
Upon completion 
of the store cycle, 


the write 
enable 
latch is reset. 
Refer to Figure 
4 for a 


state diagram 
description 
of enabling/disabling 
condi- 


tions for store operations. 


WRITE 


The WRITE 
instruction 
contains 
the 4-bit address 
of the 


word to be written. 
The write instruction 
is immediately 


followed by the 16-bit word to be written. CE must remain 
HIGH 
during 
the entire 
operation. 
CE must 
go LOW 


before the next rising edge of SK. If CE is brought 
LOW 


prematurely 
(after the instruction 
but before 16 bits of data 


are transferred), 
the instruction 
register will be reset and 


the data that was shifted-in 
will be written to RAM. 


If CE is kept HIGH for more than 24 SK clock cycles (8-bit 
instruction plus 16-bit data), the data already shifted-in will 
be overwritten. 


Instruction 
Format, 1211 10 
Operation 


WRDS 
(Figure 
3) 
1XXXXOOO 
Reset Write Enable 
Latch (Disables 
Writes 
and Stores) 


STO (Figure 
3) 
1XXXXOO1 
Store RAM Data in E2PROM 


Reserved 
1XXXX010 
N/A 


WRITE 
(Figure 
2) 
1AAAA011 
Write Data into RAM Address 
AAAA 


WREN 
(Figure 
3) 
1XXXX100 
Set Write Enable 
Latch (Enables 
Writes 
and Stores) 


RCL (Figure 
3) 
1XXXX101 
Recall 
E2PROM 
Data into RAM 


READ 
(Figure 
1) 
1AAAA11X 
Read Data from RAM Address 
AAAA 


READ 


The READ instruction 
contains 
the 4-bit address 
of the 


word to be accessed. 
Unlike the other six instructions, 
10 
of the instruction 
word is a "don't care". This provides two 


advantages. 
In a design 
that 
ties 
both 
01 and 
DO 


together, 
the absence 
of an eighth 
bit in the instruction 


allows the host time to convert 
an I/O line from an output 


to an input. 
Secondly, 
it allows 
for valid 
data 
output 


during 
the ninth SK clock cycle. 


DO, the first bit output 
during 
a read operation, 
is trun- 


cated. That is, it is internally 
clocked 
by the falling edge 


of the eighth SK clock; whereas, 
all succeeding 
bits are 


clocked 
by the rising edge of SK (refer to Read Cycle 


Diagram). 


LOW POWER 
MODE 


When 
CE 
is LOW, 
non-critical 
internal 
devices 
are 


powered-down, 
placing the device in the standby 
power 


mode, thereby 
minimizing 
power consumption. 


SLEEP 


Because 
the X24C44 
is a low power CMOS device, the 


SLEEP 
instruction 
implemented 
on the first generation 
NMOS 
device 
has been deleted. 
For systems 
convert- 


ing from the X2444 to the X24C44 
the software 
need not 


be changed; 
the instruction 
will be ignored. 


WRITE 
PROTECTION 


The 
X24C44 
provides 
two 
software 
write 
protection 


mechanisms 
to prevent 
inadvertent 
stores of unknown 


data. 


Power-Up 
Condition 


Upon power-up 
the "write 
enable" 
latch is in the reset 


state, disabling 
any store operation. 


Unknown 
Data Store 


The "previous 
recall" latch must be set after power-up. 


It may be set only by performing 
a software 
or hardware 


recall 
operation, 
which 
assures 
that 
data 
in all RAM 


locations 
is valid. 


SYSTEM 
CONSIDERATIONS 


Power-Up 
Recall 


The X24C44 
performs 
a power-up 
recall that transfers 


the E2PROM 
contents 
to the RAM array. 
Although 
the 


data may be read from the RAM array, this recall does 
not set the "previous 
recall" latch. During this power-up 


recall operation, 
all commands 
are ignored. 
Therefore, 


the host should delay any operations 
with the X24C44 
a 


minimum 
of tpUR after Vcc 
is stable. 


Power-Down 
Data Protection 


Because 
the X24C44 
is a 5V only nonvolatile 
memory 


device it may be susceptible 
to inadvertent 
stores to the 


E2PROM 
array 
during 
power-down 
cycles. 
Power-up 


cycles are not a problem 
because 
the "previous 
recall" 


latch and "write enable" 
latch are reset, preventing 
any 


possible 
corruption 
of E2PROM 
data. 


Software 
Power-Down 
Protection 


If the STORE 
and RECALL 
pins are tied to Vcc through 


a pull-up 
resistor 
and 
only 
software 
operations 
are 


performed 
to initiate stores, there is little likelihood 
of an 


inadvertent 
store. However, 
if these two lines are under 


microprocessor 
control, 
positive 
action 
should 
be em- 
ployed 
to negate 
the possibility 
of these 
control 
lines 


bouncing 
and generating 
an unwanted 
store. The safest 


method 
is to issue the WRDS 
command 
after 
a write 


sequence 
and also following 
store operations. 
Note: an 


internal 
store may take up to 5ms; therefore, 
the host 


microprocessor 
should 
delay 
5ms 
after 
initiating 
the 


store prior to issuing the WRDS 
command. 


Hardware 
Power-Down 
Protection 


(when the "write enable" latch and "previous 
recall" latch 


are not in the reset state): 


Holding 
either 
RECALL 
LOW, 
CE 
LOW 
or STORE 


HIGH 
during 
power-down 
will prevent 
an inadvertent 


store. 


HIGHZ 
~~ 


DO ---------------------~~ 


CE ----.I 


11~ 


\~- 


-- 


STOOR 
WRDSCMD 
OR STORE 


ABSOLUTE MAXIMUM RATINGS' 
Temperature 
under 
Bias 
-65°C 
to + 135°C 


Storage 
Temperature 
-65°C 
to + 150°C 


Voltage 
on any Pin with 
Respect 
to Vss 
-1V 
to +7V 


D.C. Output 
Current 
5mA 


Lead Temperature 


(Soldering, 
10 seconds) 
300°C 


RECOMMENDED OPERATING CONDITIONS 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


'COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 


indicated in the operational 
sections of this specification 
is 


not implied. Exposure to absolute 
maximum 
rating condi- 


tions for extended 
periods 
may affect device 
reliability. • 
Supply Voltage 


X24C44 


Limits 


5V±10% 


3832 
PGM 
T03.1 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Ice 
Vee Supply 
Current 
10 
mA 
SK = 0.4V/2.4V 
Levels 
@ 1MHz, 


(TTL Inputs) 
DO = Open, 
All Other 
Inputs = VIH 


IS61 
Vee Standby 
Current 
1 
mA 
DO = Open, 
CE = VIL, 
(TTL Inputs) 
All Other 
Inputs = VIH 


IS62 
Vee Standby 
Current 
50 
~ 
DO = Open, 
CE = Vss 


(CMOS 
Inputs) 
All Other 
Inputs = Vee - 0.3V 


III 
Input Load Current 
10 
~A 
V1N= Vss to Vee 


ILO 
Output 
Leakage 
Current 
10 
~ 
VOUT = Vss to Vee 


VIL(1) 
Input LOW Voltage 
-1 
0.8 
V 


VIH(1) 
Input HiGH 
Voltage 
2 
Vee + 1 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL = 4.2mA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH =-2mA 


Parameter 
Min. 
Units 


Endurance 
100,000 
Data Changes 
Per Bit 


Store Cycles 
1,000,000 
Store Cycles 


Data Retention 
100 
Years 


Symbol 
Parameter 
Max. 
Units 
Test Conditions 


COUT(2) 
Output 
Capacitance 
8 
pF 
VOUT = OV 


CIN(2) 
Input Capacitance 
6 
pF 
VIN = OV 


Notes: 
(1) 
VIL min. and V1H max. are for reference only and are not tested. 


(2) This parameter is periodically sampled and not 100% tested. 


Input Pulse Levels 
OVto 
3V 


Input Rise and 
Fall Times 
10ns 


Input and Output 
Timing 
Levels 
1.5V 


A.C. CHARACTERISTICS (Over the recommended 
operating 
conditions 
unless otherwise 
specified.) 


Read and Write Cycle Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 


FSK(3) 
SK Frequency 
1 
MHz 


tSKH 
SK Positive 
Pulse Width 
400 
ns 


tSKL 
SK Negative 
Pulse Width 
400 
ns 


tDS 
Data Setup Time 
400 
ns 


tDH 
Data Hold Time 
80 
ns 


tpD1 
SK to Data Bit 0 Valid 
375 
ns 


tpD 
SK to Data Valid 
375 
ns 


tz 
Chip Enable to Output 
High Z 
1 
J.lS 


tCES 
Chip Enable 
Setup 
800 
ns 


tCEH 
Chip Enable 
Hold 
350 
ns 


tCDS 
Chip Deselect 
800 
ns 


Symbol 
Parameter 
Max. 
Units 


tpUR(4) 
Power-up 
to Read Operation 
200 
us 


tpUW(4) 
Power-up 
to Write or Store Operation 
5 
inS 


Notes: 
(3) 
SK rise and fall times must be less than 50ns. 
(4) tpUR and tpuw are the delays required from the time Vcc is stable until the specified operation can be initiated. These parameters 
are periodically 
sampled and not 100% tested. 


X24C44 


b(((((((((((((j 


r 
Dn 
) 
~j= 
HIGHZ 


• 


Previous 
Software 
Write Enable 
Recall Latch 
Operation 
STORE 
RECALL 
Instruction 
Latch State 
State 


Hardware 
Recall 
1 
0 
NOP(5) 
X 
X 


Software 
Recall 
1 
1 
RCL 
X 
X 


Hardware 
Store 
0 
1 
NOP(5) 
SET 
SET 


Software 
Store 
1 
1 
STO 
SET 
SET 


Symbol 
Parameter 
Min. 
Max. 
Units 


tRCC 
Recall Cycle Time 
2 
Ils 


tRCP 
Recall 
Pulse Width(6) 
500 
ns 


tRCZ 
Recall to Output 
in High Z 
500 
ns 


Notes: 
(5) 
NOP designates 
when the X24C44 is not currently executing an instruction. 


(6) 
Recall rise time must be <1OilS. 


Symbol 
Parameter 
Min. 
Typ.(7) 
Max. 
Units 


tST 
Store 
Time 
2 
5 
ms 


tSTP 
Store 
Pulse 
Width 
200 
ns 


tz 
CE to Output 
in High Z 
1 
~s 


VCC 
Store 
Inhibit 
3 
V 


SYMBOL 
TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 


-.lZlT 
May change 
Will change 
from LOW 
from LOW 
to HIGH 
to HIGH 


~ 


Maychan~e 
Will change 
from HIG 
from HIGH 
to LOW 
to LOW 


XXXX 


Don't Care: 
Chan~ng: 


Changes 
State 
ot 
Allowed 
Known 
H 


N/A 
Center Line 
is High 
Impedance 


• 


X24C44 
_T 


T 
-v 


~ 


Vcc Limits 
Blank = 5V ±1 0% 


Temperature 
Range 
Blank = Commercial = O°C to +70°C 
I = Industrial = -40°C to +85°C 
M = Military = -55°C 
to +125°C 


Package 
P = 8-Lead Plastic DIP 
S = 8-Lead SOIC 


LIMITED 
WARRANTY 


Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification 
provisions appearing in its Terms of Sale only. Xicor, Inc. makes 
no warranty, 
express, statutory, 
implied, or by description 
regarding the information set forth herein or regarding the freedom of the described 
devices from patent infringement. 
Xicor, Inc. makes no warranty of merchantability 
or fitness tor any purpose. Xicor, Inc. reserves the right to 
discontinue 
production 
and change specifications 
and prices at any time and without notice. 


Xicor, Inc. assumes no responsibility 
for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product. No other circuits, patents, 


licenses are implied. 


US. PATENTS 
Xicor products are covered by one or more of the following U.S. Patents: 4,263,664; 4,274,012; 4,300,212; 
4,314,265; 4,326,134; 
4,393,481; 


4,404,475; 
4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829,482; 
4,874,967; 


4,883,976. 
Foreign patents and additional patents pending. 


LIFE RELATED POLICY 
In situations 
where semiconductor 
component 
failure may endanger life, system designers 
using this product should design the system with 
appropriate 
error detection and correction, 
redundancy and back-up features to prevent such an occurrence. 


Xicor's products are not authorized for use as critical components 
in life support devices or systems. 


1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain life, 


and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be reasonably expected 
to result in a significant injury to the user. 
2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to cause the failure 
of the life support device or system, or to affect its satety or effectiveness. 


ApPLICATION 
NOTES 


AVAILABLE 


AN3 • AN7 • AN8 • AN15 • AN16 • AN25 • AN29 


• AN30 • AN35 • AN36 • AN39 • AN56 • AN69 
iCDP 


® 


FEATURES 


• AUTOSTORETMNOVRAM 
-Automatically 
Performs a Store Operation 
Upon Loss of Vcc 


• Single 5 Volt Supply 
• Ideal for use with Single Chip Microcomputers 


-Minimum 
110 Interface 
-Serial 
Port Compatible (COPSTM,8051) 
-Easily 
Interfaced to Microcontroller Ports 


• Software and Hardware Control of Nonvolatile 
Functions 


• Auto Recall on Power-Up 
• TTL and CMOS Compatible 
• Low Power Dissipation 


-Active 
Current: 10mA 


-Standby 
Current: 501lA 


• 8-Pin Mini-DIP and 8-Lead SOIC Packages 
• High Reliability 
-Store 
Cycles: 1,000,000 


-Data 
Retention: 100 Years 


DESCRIPTION 


The Xicor X24C45 
is a serial 256 bit NOVRAM 
featuring 


a static RAM configured 
16 x 16, overlaid 
bit-by-bit 
with 


a nonvolatile 
E2PROM 
array. The X24C45 
is fabricated 


with Xicor's Advanced 
CMOS Floating 
Gate technology. 


The Xicor NOVRAM 
design allows data to be transferred 


between 
the two memory 
arrays 
by means 
of software 


commands 
or external 
hardware 
inputs. 
A store opera- 


tion (RAM data to E2PROM) 
is completed 
in 5ms or less 


and a recall operation 
(E2PROM 
data to RAM) 
is com- 


pleted 
in 211Sor less. 


The X24C45 
also includes 
the AUTOSTORE 
feature, 
a 


user selectable 
feature 
that 
automatically 
performs 
a 


store operation 
when Vcc falls below a preset threshold. 


Xicor NOVRAMs 
are designed 
for unlimited 
write opera- 


tions to RAM, either from the host or recalls from E2PROM 
and a minimum 
1,000,000 store operations. 
Inherent data 


retention 
is specified 
to be greater than 100 years. 


CE (1) 


01 (3) 
SK(2) 


STATIC 


RAM 


256-BIT 


RECALL (6) 


AS (7) 


• 


PIN DESCRIPTIONS 


Chip Enable (CE) 


The Chip Enable input must be HIGH to enable all readl 
write operations. CE must remain HIGH following a 
Read or Write command until the data transfer is com- 
plete. CE LOW places the X24C45 in the low power 
standby mode and resets the instruction register. There- 
fore, CE must be brought LOW after the completion of an 
operation in order to reset the instruction register in 
preparation for the next command. 


Serial Clock (SK) 


The Serial Clock input is used to clock all data into and 
out of the device. 


Data In (01) 


Data In is the serial data input. 


Data Out (DO) 


Data Out is the serial data output. It is in the high 
impedance state except during data output cycles in 
response to a READ instruction. 


AUTOSTORE Output (AS) 


AS is an open drain output which, when asserted indi- 
cates Vcc has fallen below the AUTOSTORE threshold 
(VASTH). AS may be wire-ORed with multiple open drain 
outputs and used asan interrupt inputto a microcontroller 
or as an input to a low power reset circuit. 


RECALL 


RECALL LOW will initiate an internal transfer of data 
from E2PROM to the RAM array. 


DIP/SOle 


CE 
1 
8 
vCC 


SK 
2 
7 
AS 


DI 
X24C45 
RECALL 
3 
6 


DO 
4 
5 
VSS 


Symbol 
Description 
CE 
Chip Enable 
SK 
Serial Clock 


01 
Serial Data In 
DO 
Serial Data Out 
RECALL 
Recall Input 
AS 
AUTOSTORE Output 


Vcc 
+5V 


Vss 
Ground 


The X24C45 
contains 
an 8-bit instruction 
register. 
It is 
accessed 
via the 01 input, with data being clocked 
in on 


the rising edge of SK. CE must be HIGH during the entire 
data transfer 
operation. 


Table 
1. contains 
a list of the 
instructions 
and 
their 


operation 
codes. 
The 
most significant 
bit (MSS) 
of all 


instructions 
is a logic one (HIGH), 
bits 6 through 
3 are 


either 
RAM address 
bits (A) or don't cares 
(X) and bits 


2 through 
0 are 
the 
operation 
codes. 
The 
X24C45 


requires the instruction 
to be shifted in with the MSS first. 


After CE is HIGH, the X24C45 
will not begin to interpret 


the data stream until a logic "1" has been shifted in on 01. 
Therefore, 
CE may be brought 
HIGH with SK running 


and 01 LOW. 01 must then go HIGH to indicate the start 
condition 
of an instruction 
before the X24C45 
will begin 


any action. 


In addition, 
the SK clock 
is totally 
static. The user can 


completely 
stop 
the 
clock 
and 
data 
shifting 
will 
be 


stopped. 
Restarting 
the 
clock 
will 
resume 
shifting 
of 


data. 


RCL and RECALL 


Either 
a software 
RCL 
instruction 
or a LOW 
on the 


RECALL 
input will initiate 
a transfer 
of E2PROM 
data 


into RAM. This 
software 
or hardware 
recall operation 


sets an internal 
"previous 
recall" latch. This latch is reset 


upon power-up 
and must be intentionally 
set by the user 


to enable any write or store operations. 
Although 
a recall 


operation 
is performed 
upon 
power-up, 
the 
previous 


recall latch is not set by this operation. 


WRDS 
and WREN 


Internally the X24C45 contains a ''write enable" latch. This 
latch must be set for either writes 
to the RAM or store 


operations 
to the E2PROM. 
The WREN 
instruction 
sets 


the 
latch 
and the WRDS 
instruction 
resets 
the 
latch, 
• 
disabling 
both RAM writes and E2PROM 
stores, 
effec- 


tively protecting the nonvolatile 
data from corruption. 
The 


write enable latch is automatically 
reset on power-up. 


STO 


The software 
STO instruction 
will initiate 
a transfer 
of 


data 
from 
RAM 
to 
E2PROM. 
In order 
to safeguard 


against 
unwanted 
store operations, 
the following 
condi- 


tions must be true: 


• STO instruction 
issued. 
• The internal 
"write enable" 
latch must be set 
(WREN 
instruction 
issued). 
• The "previous 
recall" latch must be set (either a 
software 
or hardware 
recall operation). 


Once the store cycle 
is initiated, 
all other 
device 
func- 


tions are inhibited. 
Upon completion 
of the store cycle, 


the write enable 
latch is reset. 
Refer to Figure 
4 for a 


state diagram 
description 
of enabling/disabling 
condi- 


tions for store operations. 


Instruction 
Format, 
12 11 10 
Operation 


WRDS 
(Figure 
3) 
1XXXXOOO 
Reset Write Enable 
Latch (Disables 
Writes 
and Stores) 


STO (Figure 
3) 
1XXXXOO1 
Store RAM Data in E2PROM 


ENAS 
1XXXX01 0 
Enable AUTOSTORE 
Feature 


WRITE 
(Figure 
2) 
1AAAA011 
Write 
Data into RAM Address 
AAAA 


WREN 
(Figure 
3) 
1XXXX100 
Set Write Enable 
Latch (Enables 
Writes 
and Stores) 


RCL (Figure 
3) 
1XXXX101 
Recall E2PROM 
Data into RAM 


READ 
(Figure 
1) 
1AAAA11X 
Read Data from RAM Address 
AAAA 


WRITE 


The WRITE 
instruction 
contains 
the 4-bit address 
of the 


word to be written. 
The write instruction 
is immediately 


followed 
by the 
16-bit 
word 
to be written. 
CE 
must 


remain 
HIGH during 
the entire 
operation. 
CE must go 


LOW before the next rising edge of SK. If CE is brought 
LOW prematurely 
(after the instruction 
but before 16 bits 


of data are transferred), 
the instruction 
register 
will be 
reset and the data that was shifted-in 
will be written 
to 


RAM. 


If CE is kept HIGH for more than 24 SK clock cycles (8-bit 
instruction 
plus 16-bit data), the data already shifted-in will 


be overwritten. 


READ 


The READ instruction 
contains 
the 4-bit address 
of the 


word to be accessed. 
Unlike the other six instructions, 
10 
of the instruction 
word is a "don't care". This provides two 
advantages. 
In a design 
that 
ties 
both 
01 and 
DO 


together, 
the absence 
of an eighth 
bit in the instruction 


allows the host time to convert 
an 1/0 line from an output 


to an input. 
Secondly, 
it allows 
for valid 
data 
output 


during the ninth SK clock cycle. 


DO, the first bit output 
during 
a read operation, 
is trun- 
cated. That is, it is internally 
clocked 
by the falling edge 
of the eighth SK clock; whereas, 
all succeeding 
bits are 


clocked 
by the rising edge of SK (refer to Read Cycle 


Diagram). 


LOW POWER 
MODE 


When 
CE 
is LOW, 
non-critical 
internal 
devices 
are 
powered-down, 
placing the device in the standby 
power 


mode, thereby 
minimizing 
power consumption. 


AUTOSTORE 
Feature 


The 
AUTOSTORE 
instruction 
(EN AS) 
sets 
the 
"AUTOSTORE 
enable" 
latch, allowing 
the X24C45 
to 


automatically 
perform 
a store operation 
when Vcc falls 


below the AUTOSTORE 
threshold 
(VASTH). 


WRITE 
PROTECTION 


The 
X24C45 
provides 
two 
software 
write 
protection 


mechanisms 
to prevent 
inadvertent 
stores 
of unknown 


data. 


Power-Up 
Condition 


Upon power-up 
the "write enable" 
and "AUTOSTORE 


enable" latches are in the reset state, disabling 
any store 
operation. 


Unknown 
Data Store 


The "previous 
recall" latch must be set after power-up. 


It may be set only by performing 
a software 
or hardware 


recall 
operation, 
which 
assures 
that 
data 
in all RAM 


locations 
is valid. 


SYSTEM 
CONSIDERATIONS 


Power-Up 
Recall 


The X24C45 
performs 
a power-up 
recall that transfers 


the E2PROM 
contents 
to the RAM array. 
Although 
the 


data may be read from the RAM array, this recall does 
not set the "previous 
recall" latch. During this power-up 


recall operation, 
all commands 
are ignored. 
Therefore, 


the host should delay any operations 
with the X24C45 
a 


minimum 
of tpUR after Vcc 
is stable. 


HIGHZ 
~~ 


DO ---------------------~~ 


CE --.I 


11~ 


CE --.I 
\~- 
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ABSOLUTE MAXIMUM RATINGS· 
Temperature 
under 
Bias 
-65°C 
to + 135°C 
Storage 
Temperature 
-65°C 
to +150°C 
Voltage 
on any Pin with 
Respect 
to VSS 
-1V 
to +7V 
D.C. Output 
Current 
5mA 
Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


RECOMMENDED OPERATING CONDITIONS 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


·COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
This is a stress rating only and the functional 
operation 
of 
the device at these or any other conditions 
above those 
indicated in the operational 
sections of this specification 
is 
not implied. Exposure to absolute 
maximum 
rating condi- 
tions for extended 
periods may affect device 
reliability. • 
Supply Voltage 


X24C45 


Limits 


5V±10% 


3833 
PGM 
T03.1 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Icc1 
Vcc 
Supply 
Current 
10 
mA 
SK = 0.4V/2.4V 
Levels 
@ 1MHz, 
(TTL Inputs) 
DO = Open, 
All Other 
Inputs 
= VIH 


ICC2 
Vcc 
Supply 
Current 
2 
mA 
All Inputs = VIH, CE = VIL 
(During 
AUTOSTORE) 
DO = Open, 
Vcc 
= 4.3V 


IS81 
Vcc 
Standby 
Current 
1 
mA 
DO = Open, 
CE = VIL, 
(TTL Inputs) 
All Other 
Inputs = VIH 


IS82 
Vcc 
Standby 
Current 
50 
IJ-A 
DO = Open, 
CE = Vss 
(CMOS 
Inputs) 
All Other 
Inputs = Vcc 
- 0.3V 


III 
Input Load Current 
10 
IJ-A 
VIN = Vss to Vcc 


ILO 
Output 
Leakage 
Current 
10 
IJ-A 
VOUT = Vss to Vcc 
VIL(1) 
Input LOW Voltage 
-1 
0.8 
V 


VIH(1) 
Input HIGH Voltage 
2 
Vcc 
+ 1 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL = 4.2mA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH =-2mA 


VOLlAS) 
Output 
LOW Voltage 
(AS) 
0.4 
V 
IOL (AS) = 1mA 


Parameter 
Min. 
Units 


Endurance 
100,000 
Data Changes 
Per Bit 


Store Cycles 
1,000,000 
Store Cycles 


Data Retention 
100 
Years 


Symbol 
Parameter 
Max. 
Units 
Test Conditions 


COUT(2) 
Output 
Capacitance 
8 
pF 
VOUT = OV 
CIN(2) 
Input Capacitance 
6 
pF 
VIN= OV 


Notes: 
(1) VIL min. and V1H max. are for reference only and are not tested. 
(2) This parameter 
is periodically sampled and not 100% tested. 


Input Pulse Levels 
OV to 3V 


Input Rise and 
Fall Times 
10ns 


Input and Output 
Timing 
Levels 
1.5V 


A.C. CHARACTERISTICS (Over the recommended 
operating 
conditions 
unless otherwise 
specified.) 


Read and Write Cycle Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 


FSK(3) 
SK Frequency 
1 
MHz 


tSKH 
SK Positive 
Pulse Width 
400 
ns 


tSKL 
SK Negative 
Pulse Width 
400 
ns 


tDS 
Data Setup Time 
400 
ns 


tDH 
Data Hold Time 
80 
ns 


tpD1 
SK to Data Bit 0 Valid 
375 
ns 


tpD 
SK to Data Valid 
375 
ns 


tz 
Chip Enable to Output 
High Z 
1 
lJS 


tCES 
Chip Enable Setup 
800 
ns 


tCEH 
Chip Enable 
Hold 
350 
ns 


tCDS 
Chip Deselect 
800 
ns 


Symbol 
Parameter 
Max. 
Units 


tpUR(4) 
Power-up 
to Read Operation 
200 
/ls 


tpUW(4) 
Power-up 
to Write or Store Operation 
5 
ms 


Notes: 
(3) 
SK rise and fall times must be less than SOns. 


(4) tpUR and tpuw are the delays required from the time Vcc is stable until the specified operation can be initiated. These parameters 


are periodically sampled and not 100% tested. 


tz~ 


/ 


-< 
--- 
HIGH Z 


Dn 
_ 
) 
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Previous 


Software 
Write Enable 
Recall Latch 


Operation 
RECALL 
Instruction 
Latch State 
State 


Hardware 
Recall 
0 
NOP(5) 
X 
X 


Software 
Recall 
1 
RCL 
X 
X 


Software 
Store 
1 
STO 
SET 
SET 


Symbol 
Parameter 
Min. 
Max. 
Units 


tRCC 
Recall 
Cycle 
Time 
2 
~s 


tRCP 
Recall 
Pulse 
Width(6) 
500 
ns 


tRCZ 
Recall 
to Output 
in High Z 
500 
ns 


Symbol 


tST 


Parameter 


Store 
Time 
After 
Clock 
8 of STO 
Command 


Notes: 
(5) NOP designates when the X24C45 is not currently executing an instruction. 
(6) Recall rise time must be <10~s. 
(7) Typical values are for TA = 25°C and nominal supply voltage. 


Symbol 
Parameter 
Min. 
Max. 
Units 


VASTO 
AUTOSTORE 
Cycle 
Time 
5 
ms 


VASTH 
AUTOSTORE 
Threshold 
Voltage 
4.0 
4.3 
V 


V ASEND 
AUTOSTORE 
Cycle 
End 
Voltage 
3.5 
V • 
I 
D 


AUTOSTORE CYCLE IN PROGRESS 


I 


tASTO 


STORE TIME 


SYMBOL 
TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 
JlT 


May change 
Will change 
from LOW 
from LOW 
to HIGH 
to HIGH 


~ 


May change 
Will change 


from HIGH 
from HIGH 
to LOW 
to LOW 
'/Xli, 


Don't Care: 
Changing: 
Changes 
State Not 


Allowed 
Known 
H 


N/A 
Center Line 
is High 
Impedance 


X24C45 
_T 


T 
-v 


~ 


Vcc 
Limits 
Blank = 5V ±1 0% 


Temperature 
Range 
Blank = Commercial 
= O°C to +70°C 


I = Industrial = -40°C 
to +85°C 
M = Military = -55°C 
to + 125°C 


Package 
P = 8-Lead 
Plastic 
DIP 
S = 8-Lead 
SOIC 


LIMITED 
WARRANTY 
Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification provisions appearing in its Terms of Sale only. Xicor, Inc. makes 
no warranty, 
express, statutory, 
implied, or by description 
regarding the information set forth herein or regarding the freedom of the described 
devices from patent infringement. 
Xicor, Inc. makes no warranty of merchantability 
or fitness tor any purpose. Xicor, Inc. reserves the right to 
discontinue 
production 
and change specifications 
and prices at any time and without notice. 


Xicor, Inc. assumes no responsibility 
for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product. No other circuits, patents, 
licenses are implied. 


us. PATENTS 
Xicor products are covered by one or more of the following U.S. Patents: 4,263,664; 4,274,012; 4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 


4,404,475; 4,450,402; 4,486,769; 4,488,060; 4,520,461; 4,533,846; 4,599,706; 4,617,652; 4,668,932; 4,752,912; 4,829,482; 4,874,967; 4,883,976. 
Foreign patents and additional patents pending. 


LIFE RELATED 
POLICY 


In situations 
where semiconductor 
component 
failure may endanger life, system designers 
using this product should design the system with 
appropriate 
error detection and correction, 
redundancy and back-up features to prevent such an occurrence. 


Xicor's products are not authorized for use as critical components 
in life support devices or systems. 


1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain life, 


and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be reasonably expected 
to result in a significant injury to the user. 
2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to cause the failure 
of the life support device or system, or to affect its satety or effectiveness. 
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Design Engineers Bulletin 


New Generation Serial Nonvolatile Memories 


The Missing Link for M68HC16 / MC68302 Designs: 
QSPI Serial Nonvolatile Memories 
M 


igrating in the Motorola microcontroller 
family beyond the M68HCll 
presents a 
problem for those applications 
which require non- 


volatile memory since the advanced 
16 and 32 bit 


microcontrollers do not feature integrated E2PROM. 
Xicor's full line of QSPI serial memories fills the void 
present in the M68HC16/68302 architecture. 
These 
serial devices are fully compatible with the QSPI port 
on the M68HC16 and operate at speeds up to IMHz. 
The QSPI interface reduces the software overhead of 
the serial communication 
by handling much of the 
supervision in the interface itself rather than through 
software intervention. 


Xicor's Serial SPI memories are available as either 
AutostorelM 
NOVRAMS or E2PROMS in densities 
from 256Bits to 4K Bits with operating voltage ranges 
X25XXX Family Interfaces 
Directly to M68HCI6 
QSPI Ports. 
from 2.7 to 5.0 Volts. 


Vcc 


68HC16 


VCC 
MISO 
so 
fIDID 


MOSI 
SI 
Wf> 


SCK 
SCK 


PQS3 
~ 
vss 
X25XXX 
= 


BLOCK LOCJ(I'M Protection and Security Key Code Provides 
Hierarchical Approach to Data Security 
I 


n many 
applications, 
it 
is 
desirable 
to 
provide 
different 
levels 
of 
alterability 
to 
various parameters of data in the system. Certain data, such as calibration or configuration data should 
only be alterable during initial manufacture or service, while other data may be altered during system operation. 


This hierarchy of alterability was impossible to provide 
with older generation nonvolatile 
memories without 
resorting to the separation 
of the data into 
separate 
memory devices. 
Xicor's SPI family of Serial E2pROMs feature the 
advanced 
BLOCK 
LOCK 
capability. 
BLOCK 
LOCK 
divides the memory array into three sections or blocks. 
The ability to alter data in each section is controlled by 
the value in a nonvolatile configuration 
register. 
De- 
pending upon the value or "Key Code" stored in this 
register, either none, 1/4,1/2 
or all of the memory can 
be secured against alteration. In this manner, the "Key 
Code" for enabling the alteration of calibration data is 
passed to the system only at time of calibration, which 
prevents accidental or intentional data modifications or 
corruption. 
X25040 Advanced 
Software 
Configurable 
Block Lock'M 
Provides a Fail-Safe 
Mechanism 
to Protect Data. 


ApPLICATION 
NOTE 
AVA 
I L A B L E 
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FEATURES 


• 1MHz Clock Rate 
• AUTOSTORETMNOVRAM 
-Automatically 
Performs a Store Operation 
Upon Loss of Vcc 
• Single S Volt Supply 
• Ideal for use with Single Chip Microcomputers 
-Minimum 
VO Interface 


-SPI 
Mode (0,0 & 1,1) Serial Port Compatible 
-Easily 
Interfaced to Microcontroller Ports 


• Software and Hardware Control of Nonvolatile 


Functions 


• Auto Recall on Power-Up 
• TTL and CMOS Compatible 
• Low Power Dissipation 
-Active 
Current: 10mA 
-Standby 
Current: SOllA 


• 8-Pin Mini-DIP and 8-Lead SOIC Packages 
• High Reliability 
-Store 
Cycles: 1,000,000 
-Data 
Retention: 100 Years 


DESCRIPTION 


The Xicor X25401 
is a serial 256 bit NOVRAM 
featuring 


a static RAM configured 
16 x 16, overlaid 
bit-by-bit 
with 


a nonvolatile 
E2PROM 
array. 
The X25401 
features 
a 
• 
Serial 
Peripheral 
Interface 
(SPI) and software 
protocol 


allowing 
operation 
on a simple three-wire 
bus. The bus 


signals are a clock input (SCK) plus separate 
data in (SI) 


and data out (SO) lines. Access 
to the device 
is con- 


trolled 
through 
a chip 
select 
(CS) 
input, 
allowing 
any 


number 
of devices 
to share the same bus. 


The Xicor NOVRAM 
design allows data to be transferred 


between 
the two memory 
arrays 
by means 
of software 


commands 
or external 
hardware 
inputs. 
A store opera- 


tion (RAM data to E2PROM) 
is completed 
in 5ms or less 


and a recall operation 
(E2PROM 
data to RAM) 
is com- 


pleted in 21ls or less. 


The X25401 
also includes 
the AUTOSTORE 
feature, 
a 


user selectable 
feature 
that 
automatically 
performs 
a 


store operation 
when Vcc falls below a preset threshold. 


Xicor NOVRAMs 
are designed 
for unlimited 
write opera- 


tions to RAM, eitherfrom 
the host or recalls from E2PROM 


and a minimum 
1,000,000 store operations. 
Inherent data 


retention 
is specified 
to be greater than 100 years. 


C5!'l 
51 3 
SCK 2) 


STATIC 


RAM 


256·BIT 


RECALL 
(6) 


AS(l) 


PIN DESCRIPTIONS 


Chip Select (CS) 


The Chip Select 
input must be LOW to enable 
all read/ 
write 
operations. 
CS 
must 
remain 
LOW 
following 
a 


Read or Write command 
until the data transfer 
is com- 
plete. 
CS HIGH 
places 
the X25401 
in the low power 
standby 
mode and resets the instruction 
register. There- 


fore, CS must be brought 
HIGH after the completion 
of 


an operation 
in order to reset the instruction 
register 
in 


preparation 
for the next command. 


Serial Clock (SCK) 


The Serial Clock input is used to clock all data into and 
out of the device. 


Serial Data In (SI) 


SI is the serial data input. 


Serial Data Out (SO) 


SO is the serial data output. 
It is in the high impedance 


state except 
during 
data output cycles 
in response 
to a 
READ 
instruction. 


AUTOSTORE Output (AS) 


AS is an open drain output 
which, 
when asserted 
indi- 
cates 
Vcc 
has fallen 
below 
the AUTOSTORE 
thresh- 


old (VASTH). AS may be wire-ORed 
with multiple 
open 


drain outputs 
and used as an interrupt 
input to a micro- 
controller 
or as an input to a low power 
reset circuit. 


RECALL 


RECALL 
LOW 
will initiate 
an internal 
transfer 
of data 


from E2PROM 
to the RAM array. 


DIP/Sale 


CS 
1 
8 
vcc 


SCK 
2 
7 
AS 


SI 
X25401 
RECALL 
3 
6 
so 
4 
5 
vSS 


2051 
FHO 
F02 


Symbol 
Description 


CS 
Chip Enable 


SCK 
Serial Clock 


SI 
Serial 
Data In 


SO 
Serial 
Data Out 


RECALL 
Recall 
Input 


AS 
AUTOSTORE 
Output 


Vcc 
+5V 


Vss 
Ground 


The X25401 contains an 8-bit instruction register. It is 
accessed via the SI input, with data being clocked in on 
the rising edge of SCK. CS must be LOW during the 
entire data transfer operation. 


Table 1 contains a list of the instructions and their 
operation codes. The most significant bit (MSB) of all 
instructions is a logic one (HIGH), bits 6 through 3 are 
either RAM address bits (A) or don't cares (X) and bits 
2 through 0 are the operation codes. The X25401 
requires the instruction to be shifted in with the MSB 
first. 


After CS is LOW, the X25401 will not begin to interpret 
the data stream until a logic "1" has been shifted in on 
SI. Therefore, CS may be brought LOW with SCK 
running and SI LOW. SI must then go HIGH to indicate 
the start condition of an instruction before the X25401 
will begin any action. 


In addition, the SCK clock is totally static. The user can 
completely stop the clock and data shifting will be 
stopped. Restarting the clock will resume shifting of 
data. 


RCL and RECALL 


Either a software RCL instruction or a LOW on the 
RECALL input will initiate a transfer of E2PROM data 
into RAM. This software or hardware recall operation 
sets an internal "previous recall" latch. This latch is 


reset upon power-up and must be intentionally set by 
the user to enable any write or store operations. Al- 
though a recall operation is performed upon power-up, 
the previous recall latch is not set by this operation. 


WRDS and WREN 


Internally the X25401 contains a ''write enable" latch. 
This latch must be set for either writes to the RAM or 
store operations to the E2PROM.The WREN instruction 
• 
sets the latch and the WRDS instruction resets the latch, 
disabling both RAM writes and E2PROM stores, effec- 
tively protectingthe nonvolatiledata from corruption. The 
write enable latch is automatically reset on power-up. 


STO 


The software STO instruction will initiate a transfer of 
data from RAM to E2PROM. In order to safeguard 
against unwanted store operations, the following con- 
ditions must be true: 


• STO instruction issued. 
• The internal "write enable" latch must be set 
(WREN instruction issued). 
• The "previous recall" latch must be set (either a 
software or hardware recall operation). 


Once the store cycle is initiated, all other device func- 
tions are inhibited. Upon completion of the store cycle, 
the write enable latch is reset. Refer to Figure 4 for a 
state diagram description of enabling/disabling condi- 
tions for store operations. 
. 


Instruction 
Format, 12 11 10 
Operation 


WRDS (Figure 3) 
1XXXXOOO 
Reset Write Enable Latch (Disables Writes and Stores) 
STO (Figure 3) 
1XXXXOO1 
Store RAM Data in E2pROM 


ENAS 
1XXXX010 
Enable AUTOSTORE Feature 


WRITE (Figure 2) 
1AAAA011 
Write Data into RAM Address AAAA 


WREN (Figure 3) 
1XXXX100 
Set Write Enable Latch (Enables Writes and Stores) 


RCL (Figure 3) 
1XXXX101 
Recall E2PROM Data into RAM 


READ (Figure 1) 
1AAAA11X 
Read Data from RAM Address AAAA 


WRITE 


The WRITE 
instruction contains the 4-bit address of 


the word to be written. The write instruction is immedi- 
ately followed by the 16-bit word to be written. CS must 
remain LOW during the entire operation. CS must go 
HIGH before the next rising edge of SCK. If CS is 
brought HIGH prematurely (after the instruction but 
before 16 bits of data are transferred), the instruction 
register will be reset and the data that was shifted-in 
will be written to RAM. 


If CS is kept LOW for more than 24 SCK clock cycles 
(8-bit instruction plus 16-bit data), the data already 
shifted-in will be overwritten. 


READ 


The READ instruction contains the 4-bit address of the 
word to be accessed. Unlike the other six instructions, 


10 of the instruction word is a "don't care". This provides 
two advantages. In a design that ties both SI and SO 
together, the absence of an eighth bit in the instruction 
allows the host time to convert an I/O line from an 
output to an input. Secondly, it allows for valid data 
output during the ninth SCK clock cycle. 


All data bits are clocked by the falling edge of SCK 
(refer to Read Cycle Diagram). 


LOW POWER 
MODE 


When CS is HIGH, non-critical internal devices are 
powered-down, placing the device in the standby power 
mode, thereby minimizing power consumption. 


AUTOSTORE 
Feature 


The 
AUTOSTORE 
instruction 
(ENAS) 
sets 
the 


"AUTOSTORE enable" latch, allowing the X25401 to 
automatically perform a store operation when Vcc falls 
below the AUTOSTORE threshold (VASTH). 


WRITE 
PROTECTION 


The X25401 provides two software write protection 
mechanisms to prevent inadvertent stores of unknown 
data. 


Power-Up 
Condition 


Upon power-up the "write enable" and "AUTOSTORE 
enable" latches are in the reset state, disabling any 
store operation. 


Unknown 
Data Store 


The "previous recall" latch must be set after power-up. 
It may be set only by performing a software or hard- 
ware recall operation, which assures that data in all 
RAM locations is valid. 


SYSTEM 
CONSIDERATIONS 


Power-Up 
Recall 


The X25401 performs a power-up recall that transfers 
the E2PROM contents to the RAM array. Although the 
data may be read from the RAM array, this recall does 
not set the "previous recall" latch. During this power-up 
recall operation, all commands are ignored. Therefore, 
the host should delay any operations with the X25401 
a minimum of tpURafter Vcc is stable. 


cs ~~ 
-<rl--r __ 
~I 


)) 


cs \ 
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ABSOLUTE 
MAXIMUM 
RATINGS· 


Temperature 
under 
Bias 
-65°C 
to + 135°C 


Storage 
Temperature 
-65°C 
to +150°C 


Voltage 
on any Pin with 
Respect 
to Vss 
-1V 
to +7V 


D.C. Output 
Current 
5mA 


Lead Temperature 


(Soldering, 
10 seconds) 
300°C 


RECOMMENDED 
OPERATING 
CONDITIONS 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


·COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 


indicated in the operational 
sections of this specification 
is 


not implied. Exposure to absolute 
maximum 
rating condi- 


tions for extended 
periods 
may affect device 
reliability . • 


Supply 
Voltage 


X25401 


Limits 


5V±10% 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test 
Conditions 


lee1 
Vee Supply 
Current 
10 
mA 
SCK = 0.4V/2.4V 
Levels 
@ 1MHz, 


(TTL Inputs) 
SO = Open, 
All Other 
Inputs = VIH 


lee2 
Vee Supply 
Current 
2 
mA 
All Inputs = VIH, CS = VIL 


(During 
AUTOSTORE) 
SO = Open, 
Vee = 4.3V 


IS81 
Vee Standby 
Current 
1 
mA 
SO = Open, 
CS = VIL. 
(TTL Inputs) 
All Other 
Inputs = VIH 


IS82 
Vee Standby 
Current 
50 
JlA 
SO = Open, 
CS = Vss 


(CMOS 
Inputs) 
All Other 
Inputs = Vee - 0.3V 


III 
Input Load Current 
10 
JlA 
VIN = Vss to Vee 


ILO 
Output 
Leakage 
Current 
10 
JlA 
VOUT = Vss to Vee 
VIL(1) 
Input LOW Voltage 
-1 
0.8 
V 


V1H(1) 
Input HIGH Voltage 
2 
Vee + 1 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL = 4.2mA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH =-2mA 


VOLlAS) 
Output 
LOW Voltage 
(AS) 
0.4 
V 
IOL IAS) = 1mA 


Parameter 
Min. 
Units 


Endurance 
100,000 
Data Changes 
Per Bit 


Store Cycles 
1,000,000 
Store Cycles 


Data Retention 
100 
Years 


Symbol 
Parameter 
Max. 
Units 
Test 
Conditions 


COUT(2) 
Output 
Capacitance 
8 
pF 
VOUT = OV 


CIN(2) 
Input Capacitance 
6 
pF 
VIN= OV 


Notes: 
(1) 
V1L min. and V1H max. are for reference only and are not tested. 
(2) This parameter is periodically sampled and not 100% tested. 


Input Pulse Levels 
OV to 3V 


Input Rise and 
Fall Times 
10ns 


Input and Output 
Timing 
Levels 
1.5V 


A.C. CHARACTERISTICS (Over the recommended 
operating 
conditions 
unless otherwise 
specified.) 


Read and Write Cycle Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 


FSK(3) 
SCK Frequency 
1 
MHz 


tSCKH 
SCK Positive 
Pulse Width 
400 
ns 


tSCKL 
SCK Negative 
Pulse Width 
400 
ns 


tos 
Data Setup Time 
400 
ns 


tOH 
Data Hold Time 
80 
ns 


tp01 
SCK to Data Bit 0 Valid 
375 
ns 


tpo 
SCK to Data Valid 
375 
ns 


tz 
Chip Select to Output 
High Z 
1 
JlS 


tcss 
Chip Select 
Setup 
800 
ns 


tCSH 
Chip Select 
Hold 
350 
ns 


tcos 
Chip Deselect 
800 
ns 


Symbol 
Parameter 
Max. 
Units 


tpUR(4) 
Power-up 
to Read Operation 
200 
!!S 


tpUW(4) 
Power-up 
to Write or Store Operation 
5 
ms 


Notes: 
(3) SCK rise and fall times must be less than SOns. 
(4) 
tpUR and tpuw are the delays required from the time Vcc is stable until the specified operation can be initiated. These parameters 
are periodically 
sampled and not 100% tested. 


X25401 


tz~ 
r 
Dn 
HIGH Z 


) 


-- 


Previous 


Software 
Write Enable 
Recall Latch 
Operation 
RECALL 
Instruction 
Latch State 
State 


Hardware 
Recall 
0 
NOP(5) 
X 
X 


Software 
Recall 
1 
RCL 
X 
X 


Software 
Store 
1 
STO 
SET 
SET 


Symbol 
Parameter 
Min. 
Max. 
Units 


tRCC 
Recall Cycle Time 
2 
lis 


tRCP 
Recall 
Pulse Width(6) 
500 
ns 


tRCZ 
Recall to Output 
in High Z 
500 
ns 


Parameter 


Store Time After Clock 8 of STO Command 
ms 


2051 
PGM T12.1 


Noles: 
(5) 
NOP designates 
when the X25401 is not currently executing an instruction. 
(6) 
Recall rise time must be <10l's. 
(7) Typical values are for TA = 25°C and nominal supply voltage. 


Symbol 
Parameter 
Min. 
Max. 
Units 


VASTO 
AUTOSTORE 
Cycle 
Time 
5 
ms 


VASTH 
AUTOSTORE 
Threshold 
Voltage 
4.0 
4.3 
V 


VASEND 
AUTOSTORE 
Cycle 
End 
Voltage 
3.5 
V 


I 
D 


AUTOSTORE 
CYCLE IN PROGRESS 


I 


tASTO 


STORE TIME 


SYMBOL 
TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 
JlT 


May change 
Will change 


from LOW 
from LOW 


to HIGH 
to HIGH 


~ 


May change 
Will change 


from HIGH 
from HIGH 


to LOW 
to LOW 
'llI:i 


Don't Care: 
Changing: 


Changes 
State Not 


Allowed 
Known 
H 


N/A 
Center Line 
is High 
Impedance 


-- 


X25401 
_T 


T 
-v 


~ 


Vcc Limits 
Blank = 5V ±1 0% 


Temperature 
Range 
Blank = Commercial 
= O°C to +70°C 
I = Industrial 
= -40°C 
to +85°C 
M = Military = -55°C 
to + 125°C 


Package 
P = 8-Lead 
Plastic 
DIP 
S = 8-Lead 
SOIC 


LIMITED 
WARRANTY 
Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification provisions appearing in its Terms of Sale only. Xicor,lnc. 
makes 


no warranty, 
express, statutory, implied, or by description 
regarding the information set forth herein or regarding the freedom of the described 


devices from patent infringement. 
Xicor, Inc. makes no warranty of merchantability 
or fitness tor any purpose. Xicor, Inc. reserves the right to 
discontinue 
production 
and change specifications 
and prices at any time and without notice. 


Xicor, Inc. assumes no responsibility 
for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product. No other circuits, patents, 


licenses are implied. 


US. PATENTS 
Xicor products are covered by one or more of the following U.S. Patents: 4,263,664; 4,274,012; 4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 


4,404,475; 
4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829,482; 
4,874,967; 


4,883,976. 
Foreign patents and additional patents pending. 


LIFE RELATED 
POLICY 
In situations 
where semiconductor 
component 
failure may endanger life, system designers using this product should design the system with 
appropriate 
error detection and correction, 
redundancy and back-up features to prevent such an occurrence. 


Xicor's products are not authorized for use as critical components 
in life support devices or systems. 
1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain life, 
and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be reasonably expected 
to result in a significant injury to the user. 
2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to cause the failure 


of the life support device or system, or to affect its satety or effectiveness. 


APPLICATION NOTES 


AVAILABLE 
AN4•AN12• AN22•AN26•AN32 


FEATURES 


• 2.7V to 5.5V Power Supply 
• 128 Bit Serial E2PROM 
• Low Power CMOS 
-Active 
Current Less Than 3mA 
-Standby 
Current Less Than 50/lA 
• Internally Organized 16 x 8 
• 2 Wire Serial Interface 
-Bidirectional 
Data Transfer Protocol 
• Byte Mode Write 
• Self Timed Write Cycle 
-Typical 
Write Cycle Time of 5ms 
• Push/Pull Output 
• High Reliability 
-Endurance: 
100,000 Cycles 
-Data 
Retention: 100 Years 
• 8-Pin Mini-DIP, 8-Lead TSSOP and 
8-Lead SOIC Packages 


DESCRIPTION 


The X24COO is a CMOS 
128 bit serial 
E2PROM, 
inter- 


nally organized 
as 16 x 8. The X24COO features 
a serial 
interface 
and software 
protocol 
allowing 
operation 
on a 
simple two wire bus. 


Xicor 
E2PROMs 
are designed 
and tested 
for applica- 


tions 
requiring 
extended 
endurance. 
Inherent 
data re- 


tention 
is greater 
than 100 years. 


The X24COO is fabricated 
with Xicor's Advanced 
CMOS 
Floating 
Gate technology. 
• 


NC 


NC 


NC 


Vss 


8 


7 
X24COO 
6 


5 


VCC 


NC 


SCL 


SDA 


PIN DESCRIPTIONS 


Serial 
Clock 
(SCL) 


The SCl input is used to clock all data into and out of the 
device. 


Serial 
Data (SDA) 


SDA is a bidirectional pin used to transfer data into and 
out of the device. It is a push/pull output and does not 
require the use of a pull-up resistor. 


Symbol 
Description 


NC 
No Connect 


Vss 
Ground 


Vcc 
Supply Voltage 
SDA 
Serial Data 
SCl 
Serial Clock 


The X24COOsupports a bidirectional bus oriented pro- 
tocol. The protocol defines any device that sends data 
onto the bus as a transmitter and the receiving device as 
the receiver. The device controlling the transfer is a 
master and the device being controlled isthe slave. The 
master will always initiate data transfers and provide the 
clock for both transmit and receive operations. There- 
fore, the X24COO will be considered a slave in all 
applications. 


Clock and Data Conventions 


Data states onthe SDA line can change only during SCl 
lOW. 
SDA state changes during SCl 
HIGH are re- 


served for indicating start and stop conditions. Refer to 
Figures 1 and 2. 


Start Condition 


All commands are preceded by the start condition, 
which is a HIGH to lOW transition of SDA when SCl is 
HIGH. The X24COOcontinuously monitors the SDA and 
SCl lines for the start condition and will not respond to 
any command until this condition has been met. 


A start may be issued to terminate the input of a control 
word or the input of data to be written. This will reset the 
device and leave it ready to begin a new read or write 
command. Because of the push/pull output, a start 
cannot be generated while the part is outputting data. 
Starts are also inhibited while a write is in progress. 


Stop Condition 


The stop condition is a lOW to HIGH transition of SDA 
when SCl is HIGH. The stop condition is used to reset 
the device during a command or data input sequence 
and will leave the device in the standby mode. As with 
starts, stops are inhibited when outputting data and 
while a write is in progress. 


Write Operation 


The byte write operation is initiated with a start condition. 
The start condition isfollowed by an eight bit control byte 
which consists of a two bit write command (0,1), four 
address bits, and two "don't care" bits (Figure 3). 


_~v 


I/: 
I 
I 
DATA STABLE 


:\__/ 


I 
I 
I 
I 
I 


START 
CONDITION 


\LJ! 
I 
I 
: X : 
I 
I 
I DATA 
I 
CHANGE 


~~I---- 


~ 
I 
I 


\_-_/: 
I 
I 
I 
I 
I 


STOP 
CONDITION 
• 


X24COO 


After 
receipt 
of the control 
byte, the X24COO 
will enter 


the write mode and await the data to be written. This data 
is shifted 
into the device 
on the next eight SCL clocks. 


Once eight clocks 
have been received, 
the data in the 


shift register will be written 
into the memory 
array. While 


the write 
is in progress 
the X24COO 
will not respond 
to 


any inputs. At any time prior to clocking 
in the last data 


bit, 
a stop 
command 
or a new 
start 
command 
will 


terminate 
the operation. 
If a start command 
is given, the 


X24COO 
will reset all counters 
and will prepare 
to clock 


in the next control 
byte. If a stop command 
is given, the 


X24COO 
will reset all counters 
and await the next start 


command. 


At the end of the write 
the X24COO 
will automatically 


reset 
all 
counters 
and 
enter 
the 
standby 
mode. 
(Figure 
4). 


Read Operation 


The byte read operation 
is initiated with a start condition. 


The start condition 
is followed 
by an eight-bit 
control byte 


which 
consists 
of a two-bit 
read command 
(1,0), four 


address 
bits, and two "don't care" bits. After 
receipt 
of 


the control byte the X24COO will enter the read mode and 
transfer 
data into the shift register 
from the array. This 


data is shifted 
out of the device 
on the next eight SCL 


clocks. At the end of the read, all counters 
are reset and 


the X24COO will enter the standby 
mode. As with a write, 


the read operation 
can be interrupted 
by a start or stop 


condition while the command 
or address is being clocked 


in. While 
clocking 
data out, starts 
or stops 
cannot 
be 


generated. 


During 
the second 
don't 
care 
clock 
cycle, 
starts 
and 


stops are ignored. The master must free the bus prior to 
the end of this clock cycle to allow the X24COO 
to begin 


outputting 
data (Figures 
5 and 6). 


--------~~ 


INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 


May change 
Will change 


from LOW 
from LOW 


to HIGH 
to HIGH 


May change 
Will change 


from HIGH 
from HIGH 
to LOW 
to LOW 


Don't Care: 
Changing: 
Changes 
State Not 


Allowed 
Known 


N/A 
Center Line 
is High 
Impedance 


ABSOLUTE MAXIMUM RATINGS· 
Temperature 
under 
Bias 
X24COO 
-65°C 
to +135°C 
Storage 
Temperature 
-65°C 
to + 150°C 
Voltage 
on any Pin with 
Respect 
to Vss 
-1 V to +7V 
D.C. Output 
Current 
5mA 
Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
--40°C 
+85°C 


Military 
-55°C 
+125°C 


·COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
This is a stress rating only and the functional 
operation 
of 
the device at these or any other conditions 
above those 
indicated in the operational 
sections of this specification 
is 
not implied. Exposure to absolute 
maximum 
rating condi- 
tions for extended 
periods 
may affect device 
reliability. • 
Supply Voltage 
Limits 


X24COO 
5V ±10% 


X24COO-3 
3Vto 
5.5V 


X24COO-2.7 
2.7V to 5.5V 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


ICC1 
Vcc 
Supply 
Current 
Read 
1 
mA 
SCL = VCC x 0.1NCC 
x 0.9 


ICC2 
Vcc 
Supply 
Current 
Write 
3 
Levels 
@ 1MHz, SDA = Open 


IS61 
Vcc Standby 
Current 
100 
~ 
SCL = SDA = Vcc 
Vcc = 5V ±10% 


IS62 
Vcc 
Standby 
Current 
50 
~ 
SCL = SDA = Vcc 
Vcc 
= 2.7V 


III 
Input Leakage 
Current 
10 
~ 
VIN = Vss to Vcc 


ILO 
Output 
Leakage 
Current 
10 
~A 
VOUT = Vss to Vcc 
VIL(1) 
Input LOW Voltage 
-1 
Vcc x 0.3 
V 


VIH(1) 
Input HIGH Voltage 
Vcc 
x 0.7 
Vcc + 0.5 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL= 2.1mA 


VOH 
Output 
HIGH Voltage 
Vcc - 0.8 
V 
IOH = 1mA 


Symbol 
Parameter 
Max. 
Units 
Test Conditions 


CI/O(2) 
Input/Output 
Capacitance 
(SDA) 
8 
pF 
VI/o= 
OV 
CIN(2) 
Input Capacitance 
(SCL) 
6 
pF 
VIN= OV 


Notes: 
(1) VIL min. and VIH max. are for reference only and are not tested. 
(2) This parameter 
is periodically sampled and not 100% tested. 


Symbol 
Parameter 
Max. 
Units 


tpUR(3) 
Power-up 
to Read Operation 
2 
ms 


tpUW(3) 
Power-up 
to Write Operation 
5 
ms 


Input Pulse Levels 
Vee x 0.1 to Vee x 0.9 


Input Rise and 
Fall Times 
10ns 


Input and Output 
Timing 
Levels 
Vee x 0.5 


1100PF 


A.C. CHARACTERISTICS (Over the recommended 
operating 
conditions 
unless otherwise 
specified.) 


Read & Write Cycle Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 


fsel 
SCL Clock Frequency 
0 
1 
MHz 


tAA 
SCL LOW to SDA Data Out Valid 
350 
ns 


tSUF 
Time the Bus Must Be Free Before a 
500 
ns 


New Transmission 
Can Start 


tHD:STA 
Start Condition 
Hold Time 
250 
ns 


tLOW 
Clock 
LOW Period 
500 
ns 


tHIGH 
Clock HIGH Period 
500 
ns 


tSU:STA 
Start Condition 
Setup Time 
250 
ns 


tHD:DAT 
Data In Hold Time 
0 
Ils 


tSU:DAT 
Data in Setup Time 
250 
ns 


tR 
SDA and SCL Rise Time 
1 
Ils 


tF 
SDA and SCL Fall Time 
300 
ns 


tSU:STO 
Stop Condition 
Setup Time 
250 
ns 


tDH 
Data Out Hold Time 
50 
ns 


Note: 
(3) tPURand tpuw are the delays required from the time Vcc is stable until the specified operation can be initiated. These parameters 
are periodically 
sampied and not 100%tested. 


WRITE 
CYCLE 
LIMITS 


Symbol 


tWR(4) 


Parameter 


Write Cycle Time 


Max. 


5 


SCL 
r---\ 
r1 
..........---1 
L-J 
J) 


SDA 
,••••••••• 
=x_DO 
-t'------' 


Note: 
(4) 
The write cycle time is the time from the initiation of a write sequence to the end of the internal erase/program 
cycle. During the 


write cycle, the X24COO bus interface circuits are disabled, SDA is high impedance, and the device does not respond to start 
conditions. 


• 


X24COO 
_T 


-xL Vcc Range 
Blank = 5V ±10% 
3 = 3Vto 5.5V 
2.7 = 2.7V to 5.5V 


Temperature 
Range 
Blank = Commercial = O°Cto +70°C 
I = Industrial = -40°C to +85°C 
M = Military = -55°C to +125°C 


Package 
P = 8-Lead Plastic DIP 
S = 8-Lead SOIC 
V = 8-Lead TSSOP 


x - 
Blank = 8-Lead SOIC 
P = 8-Lead Plastic DIP 
xLBlank = 4.5V to 5.5V, O°Cto +70°C 


1= 4.5V to 5.5V, -40°C to +85°C 
M = 4.5V to 5.5V, -55°C to +85°C 
D = 3V to 5.5V, O°Cto +70°C 
E = 3V to 5.5V, -40°C to +85°C 
F = 2.7V to 5.5V, O°Cto +70°C 
G = 2.7V to 5.5V, -40°C to +85°C 


LIMITED WARRANTY 
Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification provisions appearing in its Terms of Sale only. Xicor, Inc. makes 
no warranty, 
express, statutory, implied, or by description 
regarding the information set forth herein or regarding the freedom of the described 
devices from patent infringement. 
Xicor, Inc. makes no warranty of merchantability 
or fitness tor any purpose. Xicor, Inc. reserves the right to 


discontinue 
production and change specifications 
and prices at any time and without notice. 


Xicor, Inc. assumes no responsibility 
for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product. No other circuits, patents, 


licenses are implied. 


US. PATENTS 
Xicor products are covered by one or more of the following U.S. Patents: 4,263,664; 4,274,012; 4,300,212; 
4,314,265; 4,326,134; 
4,393,481; 


4,404,475; 4,450,402; 4,486,769; 4,488,060; 4,520,461 ;4,533,846; 4,599,706; 4,617,652; 4,668,932; 4,752,912; 4,829,482; 4,874,967; 4,883,976; 
4,980,859; 5,012,132; 
5,003,197; 5,023,694. 
Foreign patents and additional patents pending. 


LIFE RELATED POLICY 
In situations where semiconductor 
component 
failure may endanger life, system designers using this product should design the system with 
appropriate 
error detection and correction, 
redundancy and back-up features to prevent such an occurrence. 


Xicor's products are not authorized 
for use as critical components in life support devices or systems. 


1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain life, 


and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be reasonably expected 
to result in a significant injury to the user. 


2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to cause the failure 


of the life support device or system, or to affect its satety or effectiveness. 


iCOP 


® 


FEATURES 


• 2.7V to 5.5V Power Supply 
• 128 Bit Serial E2pROM 
• Low Power CMOS 


-Active 
Current Less Than 1mA 


-Standby 
Current Less Than 50JlA 


• Internally Organized 16 x 8 
• 2 Wire Serial Interface 
• High Voltage Programmable Only 


-VPGM, 12V to 15V 


• Push/Pull Output 
• High Reliability 


-Data 
Retention: 100 Years 


• 8-Pin Mini-DIP, 8-Lead TSSOP and 


8-Lead SOIC Packages 


DESCRIPTION 


The X24001 
is a CMOS 
128 bit serial 
E2PROM, 
inter- 


nally organized 
as 16 x 8. The X24001 
features 
a serial 


interface 
and software 
protocol 
allowing 
operation 
on a 


simple two wire bus. 


The X24001 
is ideally 
suited 
for identification 
applica- 


tions such as serial numbers 
or device revision 
numbers 


which 
need to be stored 
and retrieved 
electronically. 


VPGM 
is used 
to enable 
writes 
to the 
device. 
This 


provides 
full protection 
of the data in the user's environ- 


ment where 
VPGM is not available. 


Xicor 
E2PROMs 
are designed 
and tested 
for applica- 


tions 
requiring 
extended 
endurance. 
Inherent 
data re- 


tention 
is greater 
than 100 years. 


The X24001 
is fabricated 
with Xicor's 
Advanced 
CMOS 


Floating 
Gate technology. 


VCC 


NC 


SCL 


SDA 


NC 


NC 


NC 


VSS 


IDENTI'M 
PROM 
is a trademark 
of Xicor, Inc. 


© Xicor, 
Inc. 1991, 
1995 
Patents 
Pending 
3830·1.35/25/95 TlO/C5/02 TO 


• 


PIN DESCRIPTIONS 


Serial Clock (SCL) 


The SCL input is used to clock all data into and out of the 
device. 


Serial Data (SDA) 


SDA is a bidirectional 
pin used to transfer 
data into and 


out of the device. 
It is a push/pull 
output 
and does not 


require the use of a pull-up resistor. 
During the program- 


ming operation, 
SDA is an input. 


Symbol 
Description 


NC 
No Connect 


Vss 
Ground 


Vcc 
Supply 
Voltage 


SDA 
Serial 
Data 


SCL 
Serial Clock 


DEVICE OPERATION 


The X24001 
supports 
a bidirectional 
bus oriented 
proto- 


col. The 
protocol 
defines 
any device 
that sends 
data 


onto the bus as a transmitter 
and the receiving device as 


the 
receiver. 
The 
device 
controlling 
the transfer 
is a 


master and the device being controlled 
is the slave. The 


master will always 
initiate data transfers 
and provide the 


clock for both transmit 
and receive 
operations. 
There- 


fore, the X24001 
will be considered 
a slave in all appli- 


cations. 


Clock and Data Conventions 


Data states on the SDA line can change 
only during SCL 


LOW. 
SDA 
state 
changes 
during 
SCL 
HIGH 
are 
re- 


served for indicating 
start and stop conditions. 
Refer to 


Figures 
1 and 2. 


Start Condition 


All 
commands 
are 
preceded 
by the 
start 
condition, 


which is a HIGH to LOW transition 
of SDA when SCL is 


HIGH. The X24001 
continuously 
monitors 
the SDA and 


SCL lines for the start condition 
and will not respond 
to 


any command 
until this condition 
has been met. 


A start may be issued to terminate 
the input of a control 


word or the input of data to be written. This will reset the 
device 
and leave it ready to begin a new read or write 


command. 
Because 
of the 
push/pull 
output, 
a start 


cannot 
be generated 
while the part is outputting 
data. 


Starts are also inhibited 
while a write is in progress. 


Stop Condition 


The stop condition 
is a LOW to HIGH transition 
of SDA 


when SCL is HIGH. The stop condition 
is used to reset 


the device 
during 
a command 
or data input sequence 


and will leave the device 
in the standby 
mode. As with 


starts, 
stops 
are 
inhibited 
when 
outputting 
data 
and 


while a write is in progress. 
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Programming Operation 


Programming 
of the X24001 
is performed 
one byte at a 


time. After each byte is written, a delay equal to the write 
cycle time of 5ms must be observed 
before initiating the 


next write cycle. 


The sequence 
of operations 
is: first raise the SCL pin to 


VPGM and generate 
a HIGH to LOW transition 
of SDA 


(programming 
mode start). This is followed 
by eight bits 


of data 
containing 
the 
program 
command 
bits, 
four 
address 
bits and two don't 
care 
bits, immediately 
fol- 
lowed by the 8-bit data byte. 


The timing 
of the operation 
conforms 
to the standard 


A.C. 
timing 
requirements 
and 
follows 
the 
sequence 


shown below. 
After generating 
the Programming 
Mode 


start condition 
the SCL 
HIGH 
level can be either 
VIH 


or VPGM. 


Factory Programming Service 


The X24001 can be programmed 
with customer 
specific 


data prior to shipment. 
The data programmed 
can be in 


two forms: static data pattern where there is no change 
in the data in a group of devices or sequential 
data, such 


as a base number 
incremented 
by one for each device 


tested 
and shipped. 


Customers 
requiring 
one of these services 
should 
con- 


tact their local sales office for ordering 
procedures 
and 


service 
charges. 
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SDA 


X24001 


Read Operation 


The byte read operation 
is initiated with a start condition. 
The start condition 
is followed 
by an eight-bit control byte 


which 
consists 
of a two-bit 
read command 
(1,0), four 


address 
bits, and two "don't care" bits. After receipt 
of 


the control 
byte, the X24001 
will enter the read mode 


and transfer 
data into the shift register 
from the array. 


This data is shifted 
out of the device 
on the next eight 


SCL clocks. 
At the end of the read, all counters 
are reset 


and the X24001 
will enter the standby 
mode. As with a 


write, the read operation 
can be interrupted 
by a start or 


stop condition 
while the command 
or address 
is being 


clocked 
in. While 
clocking 
data 
out, 
starts 
or stops 


cannot 
be generated. 


During 
the second 
don't 
care clock 
cycle, 
starts 
and 


stops are ignored. The master must free the bus prior to 
the end of this clock cycle to allow the X24001 
to begin 
~ 
outputting 
data (Figures 
4 and 5). 
•• 


-----------.~ 


SYMBOL 
TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 
JlT 


May change 
Will change 
from LOW 
from LOW 
to HIGH 
to HIGH 


~ 


May change 
Will change 
from HIGH 
from HIGH 


to LOW 
to LOW 
'!IIJ, 


Don't Care: 
Changing: 
Changes 
State Not 


Allowed 
Known 
H 


N/A 
Center Line 
is High 
Impedance 


ABSOLUTE 
MAXIMUM 
RATINGS· 


Temperature 
under 
Bias 


X24001 
-65°C 
to -t135°C 


Storage 
Temperature 
-65°C 
to + 150°C 


Voltage 
on any Pin with 
Respect 
to V ss . 
.. 
-1 V to +7V 


Voltage 
on SCL with 
Respect 
to Vss. 
....__.. -1 V to +17V 


D.C. Output 
Current 
5mA 


Lead Temperature 


(Soldering, 
10 seconds) 
300°C 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


·COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 
indicated in the operational 
sections of this specification 
is 


not implied. Exposure to absolute 
maximum 
rating condi- 


tions for extended 
periods may affect device 
reliability. 


Supply 
Voltage 
Limits 


X24001 
5V ±10% 


X24001-3 
3V to 5.5V 


X24001-2.7 
2.7V to 5.5V 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


ICC1 
Vcc 
Supply 
Current 
Read 
1 
mA 
SCL = Vcc 
x 0.1Ncc x 0.9 Levels 


@ 1MHz, SDA = Open 


ISB1 
Vcc Standby 
Current 
100 
lJ-A 
SCL = SDA = Vcc 
Vcc 
= 5V ±10% 


ISB2 
Vcc 
Standby 
Current 
50 
lJ-A 
SCL = SDA = Vcc 
Vcc 
= 3V 


III 
Input Leakage 
Current 
10 
J..lA 
VIN = Vss to Vcc 


ILO 
Output 
Leakage 
Current 
10 
lJ-A 
VOUT = Vss to Vcc 
VIL(1) 
Input LOW Voltage 
-1.0 
Vcc x 0.3 
V 


VIH(1) 
Input HIGH Voltage 
Vcc x 0.7 
Vcc + 0.5 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL = 2.1mA 


VOH 
Output 
HIGH Voltage 
Vcc - 0.8 
V 
IOH = 1mA 


VPGM 
Program 
Enable 
Voltage 
12 
15 
V 


Symbol 
Parameter 
Max. 
Units 
Test Conditions 


CI/O<2) 
Input/Output 
Capacitance 
(SDA) 
8 
pF 
VI/O = OV 


CIN(2) 
Input Capacitance 
(SCL) 
6 
pF 
VIN= OV 


Notes: 
(1) V1L min. and VIH max. are for reference only and are not tested. 
(2) This parameter 
is periodically sampled and not 100% tested. 


Symbol 
Parameter 
Max. 
Units 


tpUR(3) 
Power-up 
to Read Operation 
2 
ms 


tpUW(3} 
Power-up 
to Write Operation 
5 
ms • 


Input Pulse Levels 
Vcc 
x 0.1 to Vcc 
x 0.9 


Input Rise and 
Fall Times 
10ns 


Input and Output 
Timing 
Levels 
Vcc 
x 0.5 


1100PF 


A.C. CHARACTERISTICS (Over the recommended 
operating 
conditions 
unless 
otherwise 
specified.) 


Read & Write Cycle Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCL 
SCL Clock Frequency 
0 
1 
MHz 


tAA 
SCL LOW to SDA Data Out Valid 
350 
ns 


tSUF 
Time the Bus Must Be Free Before a 
500 
ns 
New Transmission 
Can Start 


tHD:STA 
Start Condition 
Hold Time 
250 
ns 


tLOW 
Clock LOW Period 
500 
ns 


tHIGH 
Clock HIGH Period 
500 
ns 


tSU:STA 
Start Condition 
Setup Time 
250 
ns 


tHD:DAT 
Data In Hold Time 
0 
~s 


tSU:DAT 
Data in Setup Time 
250 
ns 


tR 
SDA and SCL Rise Time 
1 
~s 


tF 
SDA and SCL Fall Time 
300 
ns 


tSU:STO 
Stop Condition 
Setup Time 
250 
ns 


tDH 
Data Out Hold Time 
50 
ns 


WRITE 
CYCLE 
LIMITS 


Symbol 


tWR(4) 


Parameter 


Write Cycle Time 


Max. 


5 


SDA ,:::::::::J< 
DO 
'{ 
r 
~t-' 


Note: 
(3) tpUR and tpuw are the delays required from the time Vcc is stable until the specified operation can be initiated, These parameters 


are periodicaliy 
sampled and not 100% tested, 
(4) The write cycle time is the time from the initiation of a write sequence to the end of the internal erase/program 
cycle, During the 
write cycle, the X24001 bus interface circuits are disabled, SDA is high impedance, and the device does not respond to start 
conditions, 


X24001 
_T 


-xL VccRange 
Blank = 5V ±10% 
3 = 3V to 5.5V 
2.7 = 2.7V to 5.5V 


Temperature 
Range 
Blank = ooe to +70oe 
I = -40°C to +85°e 
M = -55°C to +125°C 


Package 
P = 8-Lead Plastic DIP 
S = 8-Lead sale 
v = 8-Lead TSSOP 


x - 
Blank = 8-Lead sale 
P = 8-Lead Plastic DIP 
xLBlank = 5V ±10%, ooe to +70oe 
I = 5V ±10%, -40oe to +85°e 
M = 5V ±10%, -55°C to +85°e 
D = 3V to 5.5V, ooe to +70oe 
E = 3V to 5.5V, -40°C to +85°e 
F = 2.7V to 5.5V, ooe to +70oe 
G = 2.7V to 5.5V, -40°C to +85°e 


LIMITED WARRANTY 
Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification provisions appearing in its Terms of Sale only. Xicor, Inc. makes 
no warranty, express, statutory, 
implied, or by description 
regarding the information set forth herein or regarding the freedom of the described 


devices from patent infringement. 
Xicor, Inc. makes no warranty of merchantability 
or fitness tor any purpose. Xicor, Inc. reserves the right to 


discontinue 
production and change specifications 
and prices at any time and without notice. 


Xicor, Inc. assumes no responsibility 
for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product. No other circuits, patents, 


licenses are implied. 


US. PATENTS 
Xicor products are covered 
by one or more of the following U.S. Patents: 4,263,664; 4,274,012; 4,300,212; 4,314,265; 
4,326,134; 
4,393,481; 


4,404,475; 4,450,402; 4,486,769; 4,488,060; 4,520,461; 4,533,846; 4,599,706; 4,617,652; 4,668,932; 4,752,912; 4,829,482; 4,874,967; 4,883,976. 
Foreign patents and additional 
patents pending. 


LIFE RELATED POLICY 
In situations 
where semiconductor 
component 
failure may endanger life, system designers 
using this product should design the system with 


appropriate 
error detection and correction, 
redundancy and back-up features to prevent such an occurrence. 


Xicor's products are not authorized for use as critical components 
in life support devices or systems. 
1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain life, 


and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be reasonably expected 
to result in a significant injury to the user. 


2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to cause the failure 
of the life support device or system, or to affect its satety or effectiveness. 


-- 


Complete Device Part Number: 
o 
Static Pattern 
Fill in matrix A below 


o 
Incrementing Pattern 
Indicate in Matix A any static pattern and 
indicate in Matrix B beginning sequence value 
to be incremented. 


Address 
Data Pattern MSB First 


7 
6 
5 
4 
3 
2 
1 
0 


0 


1 
2 
3 


4 
5 
6 


7 
8 
9 
A 


B 


C 


D 


E 
F 


Address 
Data Pattern MSB First 


7 
6 
5 
4 
3 
2 
1 
0 


0 


1 


2 
3 


4 
5 
6 
7 
8 
9 
A 


B 


C 
D 


E 


F 


FEATURES 


• 2.7V to 5.5V Power Supply 
• Low Power CMOS 
-Active 
Read Current Less Than 1mA 
-Active 
Write Current Less Than 3mA 
-Standby 
Current Less Than 1~A 
• Internally Organized 2048 x 8 
• New Programmable BlockLock Protection 
-Software 
Write Protection 
-Programmable 
hardware Write Protect 
• BlockLock (0, 1/4, 1/2, or all of the E2PROM 
array) 
• 2 Wire Serial Interface 
• Bidirectional Data Transfer Protocol 
• 32 Byte Page Write Mode 
-Minimizes 
Total Write Time Per Byte 


• Self Timed Write Cycle 
-Typical 
Write Cycle Time of 5ms 
• High Reliability 
-Endurance: 
100,000 Cycles 
-Data 
Retention: 100 Years 
• Available Packages 


-8-Lead 
Mini-DIP 
-8-Lead 
SOIC (JEDEC) 
-14-Lead 
TSSOP 


DESCRIPTION 


The X24165 is a CMOS 16,384 bit serial E2pROM, 
internally organized 2048 x 8. The X24165 features a 
serial interface and software protocol allowing opera- 
tion on a simple two wire bus. 


Two device select inputs (S1-82) 
allow up to four 


devices to share a common two wire bus. 


A Write Protect Register at the highest address loca- 
tion, 
800h, 
provides 
three 
new 
write 
protection 


features: Software Write Protect, Block Write Protect, 
and Hardware Write 
Protect. The 
Software 
Write 
Protect feature prevents any nonvolatile writes to the 
X24165 until the WEL bit in the write protect register is 
set. The Block Write Protection feature allows the user 
to individually write protect four blocks of the array by 
programming two bits in the write protect register. The 
Programmable Hardware Write Protect feature allows 
the user to install the X24165 with WP tied to Vcc, 
program the entire memory array in place, and then 
enable the hardware write protection by programming 
a WPEN 
bit in the write protect register. After this, 


selected blocks of the array, including the write protect 
register itself, are permanently write protected. 


Xicor E2PROMs are designed and tested for applica- 
tions requiring extended endurance. 
Inherent data 


retention is greater than 100 years. 


• 


PIN DESCRIPTIONS 


Serial Clock (SCL) 
The SCl input is used to clock all data into and out of 
the device. 


Serial Data (SDA) 


SDA is a bidirectional pin used to transfer data into 
and out of the device. It is an open drain output and 
may be wire-ORed with any number of open drain or 
open collector outputs. 


An open drain output requires the use of a pull-up 
resistor. For selecting typical values, refer to the Pull- 
Up Resistor selection graph at the end of this data 
sheet. 


Device Select (SO,51' S2) 


The device select inputs (SO,81, S2) are used to set 
the first three bits of the 8-bit slave address. This 
allows up to eight X24165's to share a common bus. 
These inputs can be static or actively driven. If used 
statically they must be tied to Vss or Vcc as appro- 
priate. If actively driven, they must be driven with 
CMOS levels (driven to Vcc or VSS). 


Write Protect (WP) 
The write protect input controls the hardware write 
protect feature. 
When 
held lOW, 
hardware write 
protection is disabled and the X24165 can be written 
normally. When this input is held HIGH, and the 
WPEN bit in the write protect register is set HIGH, 
write protection is enabled, and nonvolatile writes are 
disabled to the selected blocks as well as the write 
protect register itself. 


PIN NAMES 


Symbol 
Description 


SO,Sl' S2 
Device Select Inputs 


SDA 
Serial Data 


SCl 
Serial Clock 


WP 
Write Protect 


Vss 
Ground 


Vcc 
Supply Voltage 


NC 
No Connect 


VCC 


WP 


SCL 


SDA 


DEVICE 
OPERATION 


The X24165 supports a bidirectional bus oriented pro- 
tocol. The protocol defines any device that sends data 
onto the bus as a transmitter, and the receiving device 
as the receiver. The device controlling the transfer is a 
master and the device being controlled is the slave. 
The master will always initiate data transfers, and pro- 
vide the clock for both transmit and receive operations. 
Therefore, the X24165 will be considered a slave in all 
applications. 


_~v 
I/: 
I 
I 
DATA STABLE 


Clock and Data Conventions 


Data states on the SDA line can change only during 
SCL LOW. SDA state changes during SCL HIGH are 
reserved for indicating start and stop conditions. Refer 
to Figures 1 and 2. 


Start Condition 


All commands are preceded by the start condition, 
which is a HIGH to LOW transition of SDA when SCL is 
• 
HIGH. The X24165 continuously monitors the SDA and 
SCL lines for the start condition and will not respond to 
any command until this condition has been met. 


U 
I 
I 


:X : 
I 
I 
I DATA I 
CHANGE 


~,--: -- 
I 


~ 
I 
I 


Notes: 
(5) Typical values are for TA = 25°C and nominal supply voltage (5V) 
(6) tWR is the minimum cycle time from the system perspective when polling techniques are not used. It is the maximum time the 
device requires to peJform the internal write operation. 


\~~/: 
I 


I 


I 
I 
I 
STOP BIT 


'-----'--_--'L-- ....-·~'_____J7 


\~~l 


Stop Condition 


All communications 
must be terminated by a stop 
condition, which is a LOW to HIGH transition of SDA 
when SCL is HIGH. The stop condition is also used to 
place the device into the standby power mode after a 
read sequence. A stop condition can only be issued 
after the transmitting device has released the bus. 


Acknowledge 


Acknowledge is a software convention used to indi- 
cate successful data transfer. The transmitting device, 
either master or slave, will release the bus after trans- 
mitting eight bits. During the ninth clock cycle the 
receiver will pull the SDA line LOW to acknowledge 
that it received the eight bits of data. Refer to Figure 3. 


DATA OUTPUT \ 


FROM 
/ 
TRANSMITIER 


DATA 
OUTPUT 
FROM 
RECEIVER 


START 


The X24165 will respond with an acknowledge after 
recognition of a start condition and its slave address. If 
both the device and a write operation 
have been 
selected, the X24165 will respond with an acknowl- 
edge after the receipt of each subsequent eight-bit 
word. 


In the read mode the X24165 will transmit eight bits of 
data, release the SDA line and monitor the line for an 
acknowledge. If an acknowledge is detected and no 
stop condition is generated by the master, the X24165 
will continue to transmit data. If an acknowledge is not 
detected, the X24165 will terminate further data trans- 
missions. The master must then issue a stop condition 
to return the X24165 to the standby power mode and 
place the device into a known state. 


S 
T 
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WORD 
S 
~ 
ADDRESS 
ADDRESS 
DATA 
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DEVICE 
ADDRESSING 


Following a start condition the master must output the 
address of the slave it is accessing (see Figure 4). The 
next three bits are the device select bits. A system 
could have up to eight X24165's on the bus. The eight 
addresses are defined by the state of the SO,81 and 
S2 inputs. S1 of the slave address must be the inverse 
of the 81input pin. 


Figure 
4. Slave 
Address 


DEVICE 
TYPE 
DEVICE 


IDENTIFIER 
SELECT 


HIGH ORDER 


WORD 
ADDRESS 
,-A--.,~~ 


11 
: S21 
S1 
: So 
: A10 : A9 
: A8 
: Rm I 


The next three bits of the slave address are an exten- 
sion of the array's address and are concatenated with 
the eight bits of address in the word address field, 
providing direct access to the whole 2048 x 8 array. 


The last bit of the slave address defines the operation to 
be performed. When set HIGH a read operation 
is 
selected, when set LOW a write operation is selected. 


Following the start condition, the X24165 monitors the 
SDA bus comparing the slave address being transmitted 
with its slave address device type identifier. Upon a 
correct compare the X24165 outputs an acknowledge on 
the SDA line. Depending on the state of the RIW bit, the 
X24165 will execute a read or write operation. 


WRITE 
OPERATIONS 


Byte Write 


For a write operation, the X24165 requires a second ad- 
dress field. This address field is the word address, com- 
prised of eight bits, providing access to anyone of 2048 
words in the array. Upon receipt of the word address, the 
X24165 responds with an acknowledge and awaits the 
next eight bits of data, again responding with an acknowl- 
edge. The master then terminates the transfer by gener- 
ating a stop condition, at which time the X24165 begins 
the internal write cycle to the nonvolatile memory. While 
the internal write cycle is in progress the X24165 inputs 
are disabled, and the device will not respond to any re- 
quests from the master. Refer to Figure 5 for the address, 
acknowledge and data transfer sequence. 


S 
T 
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S 
~ 
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WORD ADDRESS 
(n) 
DATAn 
DATAn+1 
DATAn+32 
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Page Write 
The X24165 is capable of a 32 byte page write opera- 
tion. It is initiated in the same manner as the byte write 
operation, but instead of terminating the write cycle af- 
ter the first data word is transferred, the master can 
transmit up to fifteen more words. After the receipt of 
each word, the X24165 will respond with an acknowl- 
edge. 


After the receipt of each word, the five low order ad- 
dress bits are internally incremented by one. The high 
order bits of the word address remain constant. If the 
master should transmit more than 32 words prior to 
generating the stop condition, the address counter will 
"roll over" and the previously written data will be over- 
written. As with the byte write operation, all inputs are 
disabled until completion of the internal write cycle. Re- 
fer to Figure 6 for the address, acknowledge and data 
transfer sequence. 


Acknowledge Polling 
The disabling of the inputs can be used to take advan- 
tage of the typical 5ms write cycle time. Once the stop 
condition is issued to indicate the end of the host's write 
operation the X24165 initiates the internal write cycle. 
ACK polling can be initiated immediately. This involves 
issuing the start condition followed by the slave ad- 
dress for a write or read operation. If the X24165 is still 
busy with the write operation no ACK will be returned. 
If the X24165 has completed the write operation, an 
ACK will be returned and the host can then proceed 
with the next read or write operation. Refer to Flow 1. 


WRITE OPERATION 
COMPLETED 
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READ OPERATIONS 


Read operations are initiated in the same manner as 
write operations with the exception that the RIW bit of 
the slave address is set HIGH. There are three basic 
read operations: current address read, random read 
and sequential read. 


It should be noted that the ninth clock cycle of the read 
operation is not a "don't care." To terminate a read op- 
eration, the master must either issue a stop condition 
during the ninth cycle or hold SDA HIGH during the 
ninth clock cycle and then issue a stop condition. 


Current Address Read 


Internally the X24165 contains an address counter that 
maintains the address of the last word read, increment- 
ed by one or the exact address of the last word written. 
Therefore, if the last access read was to address n, the 
next read operation would access data from address n 
+ 1. Upon receipt of the slave address with the RIW set 
HIGH, the X24165 issues an acknowledge and trans- 
mits the eight-bit word. The read operation is terminat- 


ed 
by 
the 
master; 
by 
not 
responding 
with 
an 


acknowledge and by issuing a stop condition. Refer to 
Figure 7 for the sequence of address, acknowledge 
and data transfer. 


Random Read 


Random read operations allow the master to access 
any memory location in a random manner. Prior to issu- 
ing the slave address with the RIW bit set HIGH, the 
master must first perform a "dummy" write operation . 
The master issues the start condition, and the slave ad- 
dress with the RIW bit set LOW, followed by the word 
address it is to read. After the word address acknowl- 
edge, the master immediately reissues the start condi- 
tion and the slave address with the RIW bit set HIGH. 
This will be followed by an acknowledge from the 
X24165 and then by the eight-bit word. The read oper- 
ation is terminated by the master; by not responding 
with an acknowledge and by issuing a stop condition. 
Refer to Figure 8 for the address, acknowledge and 
data transfer sequence. 
• 
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DATA n 
DATA n+1 
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DATA n+x 
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T 
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1 
T 
T 
-T 
T 
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MASTER 
SLAVE 
SLAVE 
MASTER 


TRANSMITIERI 
TRANSMITIERI 
MASTER 
TRANSMITIERI 


RECEIVER 
RECEIVER 
RECEIVER 
TRANSMITIER 
RECEIVER 


Sequential Read 


Sequential reads can be initiated as either a current 
address read or random access read. The first word is 
transmitted as with the other modes, however, the 
master now responds with an acknowledge, indicating 
it requires additional data. The X24165 continues to 
output data for each acknowledge received. The read 
operation 
is 
terminated 
by 
the 
master; 
by 
not 


responding with an acknowledge and then issuing a 
stop condition. 


SDA 


SCL 


The data output is sequential, with the data from 
address n followed by the data from n + 1. The address 
counter for read operations increments all address bits, 
allowing the entire memory contents to be serially read 
during one operation. At the end of the address space 
(address 2047), the counter "rolls over" to 0 and the 
X24165 continues to output data for each acknowledge 
received. 
Refer 
to 
Figure 
9 
for 
the 
address, 


acknowledge and data transfer sequence. 


VCC 


PULL-UP 
RESISTORS 


WRITE 
PROTECT 
REGISTER 


The 
Write 
Protect 
Register 
(WPR) 
is located 
at the 


highest 
address, 
800h. 


Figure 11. Write 
Protect 
Register 


WPR.1 
=WEL 


- 
Write 
Enable 
Latch (Volatile) 


o = Write 
enable 
latch reset, writes 
disabled 


1 = Write enable 
latch set, writes enabled 


If WEL = 0 then "no ACK" after first byte of input data. 


WPR.2= 
RWEL 


- 
Register 
Write 
Enable 
Latch (Volatile) 


o = Register 
write 
enable 
latch 
reset, 
writes 
dis- 


abled 
1 = Register 
write enable 
latch set, writes enabled 


WPR.3, 
WPRA 
= BPO, BPi 


- 
Block 
Protect 
Bits (Nonvolatile) 


(See Block Protect 
section 
for definition) 


WPR.7= 
WPEN 


- 
Write 
Protect 
Enable 
Bit (Nonvolatile) 
(See Hardware 
Write 
Protect 
section 
for definition) 


Writing 
to the Write 
Protect 
Register 


The Write 
Protect 
Register 
is written 
by performing 
a 


random 
write of one byte directly 
to address, 
800h. If a 


page 
write 
is 
performed 
starting 
with 
any 
address 


other than 800h, the byte in the array at address 
800h 


will 
be written 
instead 
of the 
Write 
Protect 
Register 


(assuming 
writes 
are not disabled 
by the block protect 


register). 


The state of the Write 
Protect 
Register 
can be read by 


performing 
a random 
read 
at address 
800h 
at any 


time. 
If a sequential 
read starting 
at any other address 


than 800h is performed, 
the contents 
of the byte in the 


array 
at 800h 
is read out instead 
of the Write 
Protect 


Register. 


WEL 
and RWEL 
are volatile 
latches 
that 
power-up 
in 


the LOW (disabled) 
state. A write to any address 
other 


than 800h, where the Write Protect 
Register 
is located, 


will be ignored 
(no ack) until the WEL 
bit is set HIGH. 


The 
WEL 
bit is set 
by writing 
0000001 x to address 


800h. 
Once set, WEL remains 
HIGH 
until either 
reset 


(by writing 
00000000 
to 800h) 
or until the part powers- 


up again. 
The 
RWEL 
bit controls 
writes 
to the 
block 


protect 
bits. RWEL 
is set by first setting 
WEL = 1 and 
• 
then 
writing 
0000011x 
to address 
800h. 
RWEL 
must 


be set in order 
to change 
the block 
protect 
bits, 
BPO 


and 
BPi, 
or the WPEN 
bit. RWEL 
is reset when 
the 


block protect 
or WPEN 
bits are changed, 
or when the 


part powers-up 
again. 


Programming 
the BP or WPEN 
Bits 


A three 
step 
sequence 
is 
required 
to 
change 
the 


nonvoltaile 
Block Protect 
or Write Protect 
Enable: 


1) Set 
WEL 
= 1 (write 
00000010 
to address 
800h, 


volatile write cycle) 


(Start) 


2) Set RWEL 
= 1 (write 
00000110 
to address 
800h, 


volatile write cycle) 


(Start) 


3) Set BPi, 
BPO, and/or 
WPEN 
bits (Write 
wOOyz010 


to address 
800h) 


w = WPEN, 
Y = BP1, Z = BPO, 


(Stop) 


Step 3 is a nonvolatile 
write 
cycle, 
requiring 
10ms to 


complete. 
RWEL 
is 
reset 
(0) 
by 
this 
write 
cycle, 
requiring 
another 
write cycle to set RWEL again before 


the block protect 
bits can be changed. 
RWEL 
must be 


o in step 
3; if wOOyz110 
is written 
to address 
800h, 


RWEL 
is 
set 
but 
WPEN, 
BPi 
and 
BPO 
are 
not 


changed 
(the device 
remains 
at step 2). 


Block 
Protect 
Bits 


The Block Protect Bits BPOand BP1 determine which 
blocks of the memory are write-protected: 


Protected 


BP1 
BPO 
Addresses 


0 
0 
None 


0 
1 
600h-BOOh 
Upper 1/4 


1 
0 
400h-BOOh 
Upper 1/2 


Full Array (WPR 


1 
1 
OOOOh-BOOh 
not included) 


Programmable 
Hardware 
Write 
Protect 


The Write Protect (WP) pin and the Write Protect 
Enable (WPEN) bit in the Write 
Protect 
Register 


control 
the 
programmable 
hardware 
write 
protect 


feature. Hardware write protection is enabled when 
the WP pin and the WPEN bit are both HIGH, and 
disabled when either the WP pin is LOW or the WPEN 
bit is Law. When the chip is hardware write-protected, 
nonvolatile writes are disabled to the Write Protect 
Register, including the BP bits and the WPEN bit itself, 
as well as to block-protected sections in the memory 
array. Only the sections of the memory array that are 
not block-protected can be written. Note that since the 
WPEN bit is write-protected, 
it cannot be changed 


back to a LOW state, and write protection is disabled 
as long as the the WP pin is held HIGH. Table 2 
defines the write protection status for each state of 
WPEN andWP. 


Memory 
Array 
(Not Block 
Memory 
Array 


WP 
WPEN 
Protected) 
(Block 
Protected) 
BP Bits 
WPEN 
Bit 


0 
X 
Writable 
Protected 
Writable 
Writable 


X 
0 
Writable 
Protected 
Writable 
Writable 


1 
1 
Writable 
Protected 
Protected 
Protected 


ABSOLUTE 
MAXIMUM 
RATINGS" 


Temperature 
Under 
Bias 


X24165 
-65°C 
to + 135°C 


Storage 
Temperature 
-65°C 
to +150°C 


Voltage 
on any Pin with 
Respect 
to Vss 
-1V 
to +7V 


D.C. Output 
Current 
5mA 


Lead Temperature 
(Soldering, 
10 Seconds) 
300°C 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


"COMMENT 


Stresses 
above 
those 
listed 
under 
"Absolute 


Maximum 
Ratings" 
may cause 
permanent 
damage 
to 


the device. 
This 
is a stress 
rating 
only 
and the func- 


tional 
operation 
of the 
device 
at these 
or any 
other 


conditions 
above 
those 
indicated 
in the 
operational 


sections 
of this specification 
is not implied. 
Exposure 


to absolute 
maximum 
rating 
conditions 
for 
extended 


periods 
may affect device 
reliability. 
• 
Supply 
Voltage 
Limits 


X24165 
4.5V to 5.5V 


X24165-2.7 
2.7V to 5.5V 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Icc1 
Vcc Supply Current (Read) 
1 
mA 
SCL = Vcc X 0.1Ncc 
X 0.9 Levels 


Icc2 
Vcc Supply Current (Write) 
3 
mA 
@ 100KHz, SDA = Open, All Other 


Inputs = Vss or Vcc - 0.3V 


Is81(1) 
Vcc Standby Current 
50 
~A 
SCL = SDA = Vcc, All Other 


Inputs = Vss or Vcc - 0.3V, 


Vcc = 5V ± 10% 


Is82(1) 
Vcc Standby Current 
1 
~ 
SCL = SDA = Vcc, All Other 


Inputs = Vss or Vcc - 0.3V, 


Vcc = 2.7V 


III 
Input Leakage Current 
10 
~A 
V1N= Vss to Vcc 


ILO 
Output Leakage Current 
10 
~A 
VOUT = Vss to Vcc 


VIL(2) 
Input LOW Voltage 
-1 
Vcc x 0.3 
V 


VIH(2) 
Input HIGH Voltage 
Vcc x 0.7 
Vcc +0.5 
V 


VOL 
Output LOW Voltage 
0.4 
V 
IIOL = 3mA, Vcc = 4.5V 


Symbol 
Parameter 
Max. 
Units 
Test Conditions 


CI/O(3) 
Input/Output 
Capacitance 
(SDA) 
8 
pF 
VI/O = OV 


CIN(3) 
Input Capacitance 
(S1' S2' SCl) 
6 
pF 
V1N= OV 


Noles: (1) Must perfonn a stop command prior to measurement. 


(2) V1L min. and V1H max. are for reference only and are not 100% tested. 
(3) 
This parameter ;s periodically sampled and not 100% tested. 


Input Pulse Levels 
VCC x 0.1 to Vcc x 0.9 


Input Rise and 
Fall Times 
10ns 


Input and Output 
Timing Levels 
Vcc X 0.5 
l~Q 


OUTPUT-i 


l100pF 


A.C. OPERATING 
CHARACTERISTICS 
(Over the recommended 
operating 
conditions, 
unless otherwise 
specified.) 


Read & Write 
Cycle 
Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCL 
SCL Clock Frequency 
0 
100 
KHz 


TI 
Noise Suppression 
Time 
100 
ns 


Constant at SCL, SDA Inputs 


tAA 
SCL LOW to SDA Data Out Valid 
0.3 
3.5 
~s 


tSUF 
Time the Bus Must Be Free Before a 
4.7 
~s 


New Transmission 
Can Start 


tHD:STA 
Start Condition 
Hold Time 
4 
~s 


tLOw 
Clock LOW Period 
4.7 
~s 


tHIGH 
Clock HIGH Period 
4 
~s 


tSU:STA 
Start Condition 
Setup Time 
4.7 
~s 
(for a Repeated Start Condition) 


tHD:DAT 
Data In Hold Time 
0 
~s 


tSU:DAT 
Data In Setup Time 
250 
ns 


tR 
SDA and SCL Rise Time 
1 
~s 


tF 
SDA and SCL Fall Time 
300 
ns 


tSU:STO 
Stop Condition 
Setup Time 
4.7 
~s 


tDH 
Data Out Hold Time 
300 
ns 


Symbol 
Parameter 
Max. 
Units 


tpUR 
Power-up to Read Operation 
1 
ms 


tpuw 
Power-up to Write Operation 
5 
ms 


6551 
FRM no 


Notes: 
(4) 
tpUR and tpuw are the delays required from the time Vcc is stable until the specified operation can be initiated. These parameters 
are periodically sampled and not 100% tested. 


Write Cycle 
Limits 


Symbol 


tWR(6) 


Parameter 


Write Cycle Time 


Typ.(5) 


5 


The write cycle time is the time from a valid stop 
condition of a write sequence to the end of the internal 
erase/program 
cycle. 
During 
the 
write 
cycle, 
the 


Bus Timing 


ms 


6551 
FRMT11.1 


X24165 bus interface circuits are disabled, SDA is 
allowed to remain HIGH, and the device does not 
respond to its slave address. 


Notes: 
(5) Typical values are for TA= 25°C and nominal supply voltage (5V). 
(6) tWR is the minimum cycle time to be allowed from the system perspective unless polling techniques are used. It is the maximum 


time the device requires to automatically 
complete the internal write operation. 


Guidelines 
for Calculating 
Typical 
Values 
of 


Bus Pull-Up 
Resistors 


120 
R 
- vcc 
MAX -1 8Ka 
100 
MIN- 
- 
. 
a 
I 
10LMIN 


~ 
80 
tR 


w 
RMAX=-- 
0 
I 
CSUS 
z 
60 
MAX. 
~ 
RESISTANCE 


(f) 
Ci5 
40 


wcr 
20 
MIN. 
RESISTANCE 


0 
--- 
---- 
--- 


0 
20 
40 
60 
80 
100 
120 


BUS CAPACITANCE 
(pF) 
6551 
ILL F19 


INPUTS 
OUTPUTS 


Must be 
Will be 


steady 
steady 


May change 
Will change 


from LOW 
from LOW 


to HIGH 
to HIGH 


May change 
Will change 


from HIGH 
from HIGH 
to LOW 
to LOW 


Don't Care: 
Changing: 


Changes 
State Not 


Allowed 
Known 
N/A 
Center Line 
is High 
Impedance 


III 


X24165 


Device 
T 


x 
-xL 


VccRange 
Blank = 4.5V to 5.5V 
2.7 = 2.7V to 5.5V 


Temperature Range 
Blank = O°C to +70°C 
I = -40°C 
to +85°C 
M = -55°C 
to +125°C 


Package 
P = 8-Lead Plastic DIP 
S = 8-Lead SOIC (JEDEC) 
V = 8-Lead TSSOP 


x -- 
P = 8-Lead Plastic DIP 
Blank = 8-Lead SOIC (JEDEC) 
x 
~ 
Blank = 4.5V to 5.5V, O°C to +70°C 
I = 4.5V to 5.5V, -40°C 
to +85°C 
F = 2.7V to 5.5V, O°C to +70°C 
G = 2.7V to 5.5V, -40°C 
to +85°C 


LIMITED WARRANTY 


Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification 
provisions appearing 
in its Terms of Sale only. Xicor, Inc. 


makes no warranty, 
express, 
statutory, implied, or by description 
regarding the information 
set forth herein or regarding 
the freedom 
of the 
described devices from patent infringement. 
Xicor, Inc. makes no warranty of merchantability 
or fitness for any purpose. Xicor, Inc. reserves the 
right to discontinue 
production and change specifications 
and prices at any time and without notice. 


Xicor, Inc. assumes no responsibility 
for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product. No other circuits, patents, 


licenses are implied. 


U.S. PATENTS 


Xicor products are covered by one or more of the following U.S. Patents: 4,263,664; 4,274,012; 4,300,212; 4,314,265; 
4,326,134; 
4,393,481; 


4,404,475; 
4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 
967; 


4,883,976. 
Foreign patents and additional patents pending. 


LIFE RELATED POLICY 


In situations 
where semiconductor 
component 
failure may endanger life, system designers using this product should design the system with 
appropriate 
error detection and correction, 
redundancy and back-up features to prevent such an occurence. 


Xico~s products are not authorized for use in critical components in life support devices or systems. 


1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain 


life, and whose failure to perform, when properly used in accordance 
with instructions for use provided in the labeling, can be reasonably 


expected to result in a significant injury to the user. 


2. 
A critical component 
is any component of a life support device or system whose failure to perform can be reasonably expected to cause the 


failure of the life support device or system, or to affect its safety or effectiveness. 


iCDP 
® 


FEATURES 


• 2.7V to 5.5V Power Supply 
• Low Power CMOS 


-Active 
Read Current Less Than 1mA 


-Active 
Write Current Less Than 3mA 


-Standby 
Current Less Than 11lA 


• Internally Organized 4096 x 8 
• New Programmable BlockLock Protection 


-Software 
Write Protection 


-Programmable 
hardware Write Protect 


• BlockLock (0, 1/4, 1/2, or all of the E2PROM 


array) 
• 2 Wire Serial Interface 
• Bidirectional Data Transfer Protocol 
• 32 Byte Page Write Mode 


-Minimizes 
Total Write Time Per Byte 


• Self Timed Write Cycle 


-Typical 
Write Cycle Time of 5ms 


• High Reliability 
-Endurance: 
100,000 Cycles 


-Data 
Retention: 100 Years 


• Available Packages 


-a·Lead 
Mini-DIP 


-a-Lead 
SOIC (JEDEC) 


-14-Lead 
TSSOP 


DESCRIPTION 


The X24325 is a CMOS 32,768 bit serial E2pROM, 
internally organized 4096 x 8. The X24325 features a 
serial interface and software protocol allOWingopera- 
tion on a simple two wire bus. 


Two device select inputs (S1-82) 
allow up to four 


devices to share a common two wire bus. 


A Write Protect Register at the highest address loca- 
tion, 
FFFh, 
provides 
three 
new 
write 
protection 


features: Software Write Protect, Block Write Protect, 
and Hardware Write 
Protect. The 
Software 
Write 


Protect feature prevents any nonvolatile writes to the 
X24325 until the WEL bit in the write protect register is 
set. The Block Write Protection feature allows the user 
to individually write protect four blocks of the array by 
programming two bits in the write protect register. The 
Programmable Hardware Write Protect feature allows 
the user to install the X24325 with WP tied to Vcc, 
program the entire memory array in place, and then 
enable the hardware write protection by programming 
a WPEN bit in the write protect register. After this, 
selected blocks of the array, including the write protect 
register itself, are permanently write protected. 


Xicor E2pROMs are designed and tested for applica- 
tions requiring extended 
endurance. 
Inherent data 


retention is greater than 100 years. 


vcc- 
vss- 


• 


PIN DESCRIPTIONS 


Serial Clock (SCL) 


The SCL input is used to clock all data into and out of 
the device. 


Serial Data (SDA) 
SDA is a bidirectional pin used to transfer data into 
and out of the device. It is an open drain output and 
may be wire-ORed with any number of open drain or 
open collector outputs. 


An open drain output requires the use of a pull-up 
resistor. For selecting typical values, refer to the Pull-- 
Up Resistor selection graph at the end of this data 
sheet. 


Device Select (SO,S1, 52) 


The device select inputs (SO, S1' 82) are used to set 
the first three bits of the a-bit slave address. This 
allows up to eight X24325's to share a common bus. 
These inputs can be static or actively driven. If used 
statically they must be tied to Vss or Vee as appro- 
priate. If actively driven, they must be driven with 
CMOS levels (driven to Vee or Vss). 


Write Protect (WP) 
The write protect input controls the hardware write 
protect feature. 
When 
held LOW, hardware write 
protection is disabled and the X24325 can be written 
normally. When this input is held HIGH, and the 
WPEN bit in the write protect register is set HIGH, 
write protection is enabled, and nonvolatile writes are 
disabled to the selected blocks as well as the write 
protect register itself. 


PIN NAMES 


Symbol 
Description 


SO,S1' S2 
Device Select Inputs 


SDA 
Serial Data 


SCl 
Serial Clock 


WP 
Write Protect 


Vss 
Ground 


Vce 
Supply Voltage 


NC 
No Connect 


8 


7 
X24325 
6 


5 


Vee 
wp 


Sel 


SDA 


DEVICE 
OPERATION 


The X24325 supports a bidirectional bus oriented pro- 
tocol. The protocol defines any device that sends data 
onto the bus as a transmitter, and the receiving device 
as the receiver. The device controlling the transfer is a 
master and the device being controlled is the slave. 
The master will always initiate data transfers, and pro- 
vide the clock for both transmit and receive operations. 
Therefore, the X24325 will be considered a slave in all 
applications. 


__ 
v 


I/: 
I 
I 
DATA STABLE 


Clock and Data Conventions 


Data states on the SDA line can change only during 
SCL LOW. SDA state changes during SCL HIGH are 
reserved for indicating start and stop conditions. Refer 
to Figures 1 and 2. 


Start Condition 


All commands are preceded by the start condition, 
which is a HIGH to LOW transition of SDA when SCL is 
__ 
HIGH. The X24325 continuously monitors the SDA and 
SCL lines for the start condition and will not respond to 
any command until this condition has been met. 


~ I 
I 
I 
I 
:X : 
I 
I 
1 DATA I 
CHANGE 


~~:_- 
I 


~ 
I 
I 


Notes: 
(5) 
Typical values are for TA; 
25°C and nominal supply voltage (5V) 


(6) tWR is the minimum cycle time from the system perspective when polling techniques are not used. It is the maximum time the 


device requires to perform the internal write operation. 


:\~~/ 
I 


I 
I 
I 
I 


START BIT 


\_- 


Stop Condition 


All communications 
must be terminated by a stop 


condition, which is a LOW to HIGH transition of SDA 
when SCL is HIGH. The stop condition is also used to 
place the device into the standby power mode after a 
read sequence. A stop condition can only be issued 
after the transmitting device has released the bus. 


Acknowledge 
Acknowledge is a software convention used to indi- 
cate successful data transfer. The transmitting device, 
either master or slave, will release the bus after trans- 
mitting eight bits. During the ninth clock cycle the· 
receiver will pull the SDA line LOW to acknowledge 
that it received the eight bits of data. Refer to Figure 3. 


DATA OUTPUT 
FROM 
TRANSMITIER 


The X24325 will respond with an acknowledge after 
recognition of a start condition and its slave address. If 
both the device and a write operation 
have been 


selected, the X24325 will respond with an acknowl- 
edge after the receipt of each subsequent eight-bit 
word. 


In the read mode the X24325 will transmit eight bits of 
data, release the SDA line and monitor the line for an 
acknowledge. If an acknowledge is detected and no 
stop condition is generated by the master, the X24325 
will continue to transmit data. If an acknowledge is not 
detected, the X24325 will terminate further data trans- 
missions. The master must then issue a stop condition 
to return the X24325 to the standby power mode and 
place the device into a known state. 


L-----------·_-_-~_~7 


DATA 


OUTPUT 
FROM 
RECEIVER 
\__1 


S 
T 
SLAVE 
WORD 
S 
~ 
ADDRESS 
ADDRESS 
DATA 
b 
T,----A-----.. 
~ 
~ 
p 
~::::::LJ:::::::IJ : : : : : : : lir 
A 
A 
A 
C 
C 
C 
KKK 


DEVICE 
ADDRESSING 


Following 
a start condition 
the master 
must output the 


address 
of the slave it is accessing 
(see Figure 4). The 


next 
three 
bits 
are 
the 
device 
select 
bits. A system 


could 
have up to eight X24325's 
on the bus. The eight 


addresses 
are defined 
by the state of the SO, S1 and 


82inputs. 
SO and S2 of the slave address 
must be the 


inverse 
of the SO and 82input pins. 


Figure 4. Slave Address 


HIGH ORDER 
WORD 
ADDRESS 
~~ 
I S2 : S1 I So : A11 : A10 : A9 : AS : Am I 


The 
next four 
bits of the slave 
address 
are an exten- 
sion of the array's 
address 
and are concatenated 
with 


the 
eight 
bits 
of address 
in the 
word 
address 
field, 
providing 
direct access 
to the whole 4096 x 8 array. 


The last bit of the slave address 
defines 
the operation 
to 


be 
performed. 
When 
set 
HIGH 
a 
read 
operation 
is 


selected, 
when set LOW a write operation 
is selected. 


Following 
the 
start 
condition, 
the 
X24325 
monitors 
the 


SDA bus comparing 
the slave address 
being transmitted 


with 
its 
slave 
address 
device 
type 
identifier. 
Upon 
a 


correct 
compare 
the X24325 
outputs 
an acknOWledge 
on 


the SDA line. Depending 
on the state of the RIW bit, the 


X24325 
will execute 
a read or write operation. • 


WRITE 
OPERATIONS 


Byte Write 


For a write operation, 
the X24325 
requires 
a second 
ad- 


dress field. This address 
field is the word 
address, 
com- 


prised 
of eight bits, providing 
access 
to anyone 
of 4096 


words in the array. 
Upon receipt 
of the word address, 
the 


X24325 
responds 
with 
an acknowledge 
and 
awaits 
the 


next eight bits of data, again responding 
with an acknowl- 


edge. The master then terminates 
the transfer 
by gener- 


ating a stop condition, 
at which 
time the X24325 
begins 


the internal 
write cycle to the nonvolatile 
memory. 
While 


the internal 
write cycle 
is in progress 
the X24325 
inputs 


are disabled, 
and the device 
will not respond 
to any re- 


quests from the master. 
Refer to Figure 5 for the address, 


acknowledge 
and data transfer 
sequence. 


S 
T 
SLAVE 
S 
~ 
ADDRESS 
WORD ADDRESS (n) 
DATA n 
DATA n+1 
DATA n+32 
6 
T,---------A---- 
,---------A---- 
,---------A---- 
,---------A---- 
,.------A------ 
p 
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A 
A 
A 
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Page Write 


The X24325 is capable of a 32 byte page write opera- 
tion. It is initiated in the same manner as the byte write 
operation, but instead of terminating the write cycle af- 
ter the first data word is transferred, the master can 
transmit up to fifteen more words. After the receipt of 
each word, the X24325 will respond with an acknowl- 
edge. 


After the receipt of each word, the five low order ad- 
dress bits are internally incremented by one. The high 
order bits of the word address remain constant. If the 
master should transmit more than 32 words prior to 
generating the stop condition, the address counter will 
"roll over" and the previously written data will be over- 
written. As with the byte write operation, all inputs are 
disabled until completion of the internal write cycle. Re- 
fer to Figure 6 for the address, acknowledge and data 
transfer sequence. 


Acknowledge Polling 
The disabling of the inputs can be used to take advan- 
tage of the typical 5ms write cycle time. Once the stop 
condition is issued to indicate the end of the host's write 
operation the X24325 initiates the internal write cycle. 
ACK polling can be initiated immediately. This involves 
issuing the start condition followed by the slave ad- 
dress for a write or read operation. If the X24325 is still 
busy with the write operation no ACK will be returned. 
If the X24325 has completed the write operation, an 
ACK will be returned and the host can then proceed 
with the next read or write operation. Refer to Flow 1. 


WRITE OPERATION 
COMPLETED 
ENTER ACK POLLING 
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READ OPERATIONS 


Read operations are initiated in the same manner as 
write operations with the exception that the RIW bit of 
the slave address is set HIGH. There are three basic 
read operations: current address read, random read 
and sequential read. 


It should be noted that the ninth clock cycle of the read 
operation is not a "don't care." To terminate a read op- 
eration, the master must either issue a stop condition 
during the ninth cycle or hold SDA HIGH during the 
ninth clock cycle and then issue a stop condition. 


Current Address Read 
Internally the X24325 contains an address counter that 
maintains the address of the last word read, increment- 
ed by one or the exact address of the last word written. 
Therefore, if the last access read was to address n, the 
next read operation would access data from address n 
+ 1. Upon receipt of the slave address with the RIW set 
HIGH, the X24325 
issues an acknowledge and trans- 
mits the eight-bit word. The read operation is terminat- 


ed 
by 
the 
master; 
by 
not 
responding 
with 
an 
acknowledge and by issuing a stop condition. Refer to 
Figure 7 for the sequence of address, acknowledge 
and data transfer. 


Random Read 


Random read operations allow the master to access 
any memory location in a random manner. Prior to issu- 
ing the slave address with the RIW bit set HIGH, the 
master must first perform a "dummy" write operation. 
The master issues the start condition, and the slave ad- 
dress with the RNI bit set LOW, followed by the word 
address it is to read. After the word address acknowl- 
edge, the master immediately reissues the start condi- 
tion and the slave address with the RNI bit set HIGH. 
This will be followed by an acknowledge from the 
X24325 and then by the eight-bit word. The read oper- 
ation is terminated by the master; by not responding 
with an acknowledge and by issuing a stop condition. 
Refer to Figure 8 for the address, acknowledge and 
data transfer sequence. 
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Sequential Read 


Sequential reads can be initiated as either a current 
address read or random access read. The first word is 
transmitted as with the other modes, however, the 
master now responds with an acknowledge, indicating 
it requires additional data. The X24325 continues to 
output data for each acknowledge received. The read 
operation 
is 
terminated 
by 
the 
master; 
by 
not 


responding with an acknowledge and then issuing a 
stop condition. 


SDA 
sc 


The data output is sequential, with the data from 
address n followed by the data from n + 1. The address 
counter for read operations increments all address bits, 
allowing the entire memory contents to be serially read 
during one operation. At the end of the address space 
(address 4095), the counter "rolls over" to 0 and the 
X24325 continues to output data for each acknowledge 
received. 
Refer 
to 
Figure 
9 
for 
the 
address, 


acknowledge and data transfer sequence. 
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WRITE PROTECT REGISTER 


The Write Protect Register (WPR) is located at the 
highest address, FFFh. 


Figure 11. Write Protect Register 


WPR.1 = WEL 
- 
Write Enable Latch (Volatile) 
o = Write enable latch reset, writes disabled 
1 = Write enable latch set, writes enabled 


If WEL = 0 then "no ACK" after first byte of input data. 


WPR.2= RWEL 
- 
Register Write Enable Latch (Volatile) 
o = Register write enable latch reset, writes dis- 
abled 
1 = Register write enable latch set, writes enabled 


WPR.3, WPR.4 = BPO, BP1 
- 
Block Protect Bits (Nonvolatile) 


(See Block Protect section for definition) 


WPR.7= WPEN 
- 
Write Protect Enable Bit (Nonvolatile) 


(See Hardware Write Protect section for definition) 


Writing to the Write Protect Register 


The Write Protect Register is written by performing a 
random write of one byte directly to address, FFFh. If 
a page write is performed starting with any address 
other than FFFh, the byte in the array at address FFFh 
will be written instead of the Write Protect Register 
(assuming writes are not disabled by the block protect 
register). 


The state of the Write Protect Register can be read by 
performing a random read at address FFFh at any 
time. If a sequential read starting at any other address 
than FFFh is performed, the contents of the byte in the 
array at FFFh is read out instead of the Write Protect 
Register. 


WEL and RWEL are volatile latches that power-up in 
the LOW (disabled) state. A write to any address other 
than 
FFFh, where 
the 
Write 
Protect 
Register 
is 


located, will be ignored (no ack) until the WEL bit is set 
HIGH. The WEL bit is set by writing 0000001x to 
address FFFh. Once set, WEL remains HIGH until 
either reset (by writing 00000000 to FFFh) or until the 
part powers-up again. The RWEL bit controls writes to 
the block protect bits. RWEL is set by first setting WEL 
2 


= 1 and then writing 0000011x to address FFFh. 
RWEL must be set in order to change the block protect 
bits, BPO and BP1, or the WPEN bit. RWEL is reset 
when the block protect or WPEN bits are changed, or 
when the part powers-up again. 


Programming the BP or WPEN Bits 


A three step sequence is required to change the 
nonvoltaile Block Protect or Write Protect Enable: 


1) Set WEL = 1 (write 00000010 to address FFFh, 
volatile write cycle) 


(Start) 


2) Set RWEL = 1 (write 00000110 to address FFFh, 
volatile write cycle) 


(Start) 


3) Set BP1, BPO, and/or WPEN bits (Write wOOyz010 
to address FFFh) 


w = WPEN, Y= BP1, Z = BPO, 


(Stop) 


Step 3 is a nonvolatile write cycle, requiring 10ms to 
complete. 
RWEL is reset (0) by this write cycle, 


requiring another write cycle to set RWEL again before 
the block protect bits can be changed. RWEL must be 
o in step 3; if wOOyz110is written to address FFFh, 
RWEL is set but WPEN, 
BP1 and BPO are not 


changed (the device remains at step 2). 


Block 
Protect 
Bits 


The Block Protect Bits BPa and BP1 determine which 
blocks of the memory are write-protected: 


Protected 


BP1 
BPO 
Addresses 


a 
a 
None 


a 
1 
Caah-FFFh 
Upper 1/4 


1 
a 
800h-FFFh 
Upper 1/2 


Full Array (WPR 


1 
1 
aaOOh-FFFh 
not included) 


Programmable 
Hardware 
Write 
Protect 


The Write Protect (WP) pin and the Write Protect 
Enable (WPEN) bit in the Write 
Protect 
Register 


control 
the 
programmable 
hardware 
write 
protect 


feature. Hardware write protection is enabled when 
the WP pin and the WPEN bit are both HIGH, and 
disabled when either the WP pin is LOW or the WPEN 
bit is LOW. When the chip is hardware write-protected, 
nonvolatile writes are disabled to the Write Protect 
Register, including the BP bits and the WPEN bit itself, 
as well as to block-protected sections in the memory 
array. Only the sections of the memory array that are 
not block-protected can be written. Note that since the 
WPEN bit is write-protected, 
it cannot be changed 


back to a LOW state, and write protection is disabled 
as long as the the WP pin is held HIGH. Table 2 
defines the write protection status for each state of 
WPEN and WP. 


Memory 
Array 
(Not Block 
Memory 
Array 


WP 
WPEN 
Protected) 
(Block 
Protected) 
BP Bits 
WPEN 
Bit 


a 
x 
Writable 
Protected 
Writable 
Writable 


X 
0 
Writable 
Protected 
Writable 
Writable 


1 
1 
Writable 
Protected 
Protected 
Protected 


ABSOLUTE MAXIMUM RATINGS· 


Temperature 
Under 
Bias 


X24325 
-65°C 
to +135°C 


Storage 
Temperature 
-65°C 
to +150°C 


Voltage 
on any Pin with 
Respect 
to V 55 
-1 V to +7V 


D.C. Output 
Current 
5mA 


Lead Temperature 
(Soldering, 
10 Seconds) 
300°C 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


·COMMENT 


Stresses 
above 
those 
listed 
under 
"Absolute 


Maximum 
Ratings" 
may cause 
permanent 
damage 
to 


the device. 
This 
is a stress 
rating 
only 
and the func- 


tional 
operation 
of the 
device 
at these 
or any 
other 


conditions 
above 
those 
indicated 
in the 
operational 


sections 
of this specification 
is not implied. 
Exposure 


to absolute 
maximum 
rating 
conditions 
for extended 
• 
periods 
may affect device 
reliability. 


Supply Voltage 
Limits 


X24325 
4.5V to 5.5V 


X24325-2.7 
2.7V to 5.5V 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Icc1 
Vcc Supply Current (Read) 
1 
mA 
SCl = Vcc X 0.1Ncc 
X 0.9 Levels 


ICC2 
Vcc Supply Current (Write) 
3 
mA 
@ 100KHz, SDA = Open, All Other 


Inputs = VS5 or Vcc - 0.3V 


IS81(1) 
Vcc Standby Current 
50 
~ 
SCl = SDA = Vcc, All Other 


Inputs = Vss or Vcc - 0.3V, 


Vcc = 5V± 
10% 


IS82(1) 
Vcc Standby Current 
1 
~ 
SCl = SDA = Vcc, All Other 


Inputs = Vss or Vcc - 0.3V, 


Vcc = 2.7V 


III 
Input Leakage Current 
10 
llA 
VIN = V55 to Vcc 


ILO 
Output Leakage Current 
10 
llA 
VOUT= Vss to Vcc 


VIL(2) 
Input lOW 
Voltage 
-1 
Vcc x 0.3 
V 


VIH(2) 
Input HIGH Voltage 
Vcc x 0.7 
Vcc + 0.5 
V 


VOL 
Output lOW 
Voltage 
0.4 
V 
IOL= 3mA, Vcc = 4.5V 


Symbol 
Parameter 
Max. 
Units 
Test Conditions 


CI/O(3) 
Input/Output 
Capacitance 
(SDA) 
8 
pF 
VIIO = OV 


CIN(3) 
Input Capacitance 
(S1' S2' SCl) 
6 
pF 
VIN = OV 


Noles: 
(1) 
Must perform a stop command prior to measurement. 


(2) V1L min. and V1H max. are for reference only and are not 100% tested. 
(3) This parameter is periodically sampled and not 100% tested. 


Input Pulse Levels 
Vcc x 0.1 to Vcc x 0.9 


Input Rise and 
Fall Times 
10ns 


Input and Output 
Timing Levels 
VccX 
0.5 
--I 


5V1533Q 


OUTPUT 


.1:. 100pF 


A.C. OPERATING CHARACTERISTICS (Over the recommended 
operating 
conditions, 
unless otherwise 
specified.) 


Read & Write Cycle Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCL 
SCL Clock Frequency 
0 
100 
KHz 


TI 
Noise Suppression 
Time 
100 
ns 


Constant at SCL, SDA Inputs 


tAA 
SCL LOW to SDA Data Out Valid 
0.3 
3.5 
I.ls 


tBUF 
Time the Bus Must Be Free Before a 
4.7 
I.ls 


New Transmission 
Can Start 


tHD:STA 
Start Condition 
Hold Time 
4 
/.lS 


tLQW 
Clock LOW Period 
4.7 
I.ls 


tHIGH 
Clock HIGH Period 
4 
/.lS 


tSU:STA 
Start Condition 
Setup Time 
4.7 
I.ls 


(for a Repeated Start Condition) 


tHD:DAT 
Data In Hold Time 
0 
I.ls 


tSU:DAT 
Data In Setup Time 
250 
ns 


tR 
SDA and SCL Rise Time 
1 
I.ls 


tF 
SDA and SCL Fall Time 
300 
ns 


tSU:STO 
Stop Condition 
Setup Time 
4.7 
I.ls 


tDH 
Data Out Hold Time 
300 
ns 


Symbol 
Parameter 
Max. 
Units 


tpUR 
Power-up to Read Operation 
1 
ms 


tpuw 
Power-up to Write Operation 
5 
ms 


6552 
FRMT10 
Notes: 
(4) tpUR and tpuw are the delays required from the time Vcc is stable until the specified operation can be initiated. These parameters 
are periodically sampled and not 100% tested. 


Write Cycle Limits 


Symbol 


tWR(6) 


Typ.(5) 


5 
• 


Max. 


10 


The write cycle time is the time from a valid stop 
condition of a write sequence to the end of the internal 
erase/program 
cycle. 
During the 
write 
cycle, 
the 


Bus Timing 


ms 


6552 FRMTll.l 


X24325 bus interface circuits are disabled, SDA is 
allowed to remain HIGH, and the device does not 
respond to its slave address. 


Notes: 
(5) Typical values are for TA= 25°C and nominal supply voltage (5V). 
(6) tWR is the minimum cycle time to be allowed from the system perspective unless polling techniques are used. It is the maximum 
time the device requires to automatically 
complete the internal write operation. 


Guidelines for Calculating Typical Values of 
Bus Pull-Up Resistors 


120 


R 
- Vcc MAX -1 8KU 
100 
MIN - 
- 
. 
a 
I 
10LMIN 
~ 
80 
tR 


UJ 
RMAX=-C- 
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Z 
60 
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~ 
RESISTANCE 


(f) 
U5 
40 
UJa: 
20 
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BUS CAPACITANCE 
(pF) 
6552 
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INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 


May change 
Will change 
from LOW 
from LOW 
to HIGH 
to HIGH 


May change 
Will change 
from HIGH 
from HIGH 
to LOW 
to LOW 


Don't Care: 
Changing: 


Changes 
State Not 


Allowed 
Known 


N/A 
Center Line 
is High 
Impedance 


X24325 


Device 
T 


x 
-XL 


VccRange 
Blank = 4.5V to 5.5V 
2.7 = 2.7V to 5.5V 


TemperatureRange 
Blank = O°C to +70°C 
I = -40°C 
to +85°C 
M = -55°C 
to +125°C 


~-----Package 
P = 8-Lead Plastic DIP 
S = 8-Lead SOIC (JEDEC) 
V = 8-Lead TSSOP 


X -- 
P = 8-Lead Plastic DIP 
Blank = 8-Lead SOIC (JEDEC) 


X 
"""L-- 
Blank = 4.5V to 5.5V, O°C to +70°C 
I = 4.5V to 5.5V, -40°C 
to +85°C 
F = 2.7V to 5.5V, O°C to +70°C 
G = 2.7V to 5.5V, -40°C 
to +85°C 


LIMITED WARRANTY 


Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification 
provisions appearing 
in its Terms of Sale only. Xicor, Inc. 
makes no warranty, 
express, statutory, 
implied, or by description 
regarding the information 
set forth herein or regarding 
the freedom 
of the 
described devices from patent infringement. 
Xicor, Inc. makes no warranty of merchantability 
or fitness for any purpose. Xicor, Inc. reserves the 
right to discontinue 
production and change specifications and prices at any time and without notice. 


Xicor, Inc. assumes no responsibility 
for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product. No other circuits, patents, 


licenses are implied. 
u.s. PATENTS 


Xicor products are covered by one or more of the following u.s. Patents: 4,263,664; 4,274,012; 4,300,212; 4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 
4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 
482; 4,874, 
967; 
4,883, 976. Foreign patents and additional patents pending. 


LIFE RELATED 
POLICY 


In situations 
where semiconductor 
component 
failure may endanger life, system designers 
using this product should design the system with 
appropriate error detection and correction, 
redundancy and back-up features to prevent such an occurence. 


XicMs 
products are not authorized for use in critical components in life support devices or systems. 


1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain 


life, and whose failure to perform, when properly used in accordance 
with instructions for use provided in the labeling, can be reasonably 
expected to result in a significant injury to the user. 


2. 
A critical component 
is any component of a life support device or system whose failure to perform can be reasonably expected to cause the 
failure of the life support device or system, or to affect its safety or effectiveness. 


iCDP 


® 


FEATURES 


• 2.7V to 5.5V Power Supply 
• Low Power CMOS 
-Active 
Read Current Less Than 1mA 
-Active 
Write Current Less Than 3mA 
-Standby 
Current Less Than 1).lA 
• Internally Organized 8192 x 8 
• New Programmable BlockLock Protection 
-Software 
Write Protection 
-Programmable 
hardware Write Protect 


• BlockLock (0, 1/4, 112, or all of the E2PROM 
array) 
• 2 Wire Serial Interface 
• Bidirectional Data Transfer Protocol 
• 32 Byte Page Write Mode 
-Minimizes 
Total Write Time Per Byte 
• Self Timed Write Cycle 
-Typical 
Write Cycle Time of 5ms 


• High Reliability 
-Endurance: 
100,000 Cycles 
-Data 
Retention: 100 Years 


• Available Packages 
-8-Lead 
Mini-DIP 
-8-Lead 
SOIC (JEDEC) 
-14-Lead 
SOIC (JEDEC) 
-8-Lead 
SOIC (EIAJ) 


-20-Lead 
TSSOP 


FUNCTIONAL DIAGRAM 


DESCRIPTION 


The X24645 is a CMOS 65,536-bit serial E2PROM, 
internally organized 8192 x 8. The X24645 features a 
serial interface and software protocol allowing opera- 
tion on a simple two wire bus. 


Two device select inputs (S1-S2) allow up to four 
devices to share a common two wire bus. 


A Write Protect Register at the highest address loca- 
tion, 
1FFFh, provides 
three 
new 
wrrte protection 


features: Software Write Protect, Block Write Protect, 
and Hardware Write 
Protect. The 
Software 
Write 


Protect feature prevents any nonvolatile writes to the 
X24645 until the WEL bit in the write protect register is 
set. The Block Write Protection feature allows the user 
to individually write protect four blocks of the array by 
programming two bits in the write protect register. The 
Programmable Hardware Write Protect feature allows 
the user to install the X24645 with WP tied to Vcc, 
program the entire memory array in place, and then 
enable the hardware write protection by programming 
a WPEN bit in the write protect register. After this, 
selected blocks of the array, including the write protect 
register itself, are permanently write protected, as long 
as WP remains HIGH. 


• 


Xicor 
E2pROMs 
are designed 
and tested 
for applica- 
tions 
requiring 
extended 
endurance. 
Inherent 
data 
retention 
is greater 
than 100 years. 


PIN DESCRIPTIONS 


Serial 
Clock 
(SCL) 


The SCl 
input is used to clock all data into and out of 
the device. 


Serial 
Data (SDA) 


SDA 
is a bidirectional 
pin used 
to transfer 
data 
into 
and out of the device. 
It is an open 
drain 
output 
and 
may be wire-ORed 
with any number 
of open drain 
or 
open collector 
outputs. 


An open 
drain 
output 
requires 
the 
use 
of a pull-up 


resistor. 
For selecting 
typical 
values, 
refer to the Pull- 
up 
resistor 
selection 
graph 
at the 
end 
of this 
data 
sheet. 


Device 
Select 
(S1' 52) 


The device 
select 
inputs 
(S1' 82) are used to set the 


first 
and 
second 
bits of the 
8-bit slave 
address. 
This 
allows 
up to four X24645 
devices 
to share 
a common 
bus. These 
inputs 
can 
be static 
or actively 
driven. 
If 
used 
statically 
they 
must 
be tied 
to Vss 
or Vcc 
as 
appropriate. 
If actively 
driven, 
they must be driven with 
CMOS 
levels (driven to Vcc or Vss). 


Write 
Protect 
(WP) 


The 
write 
protect 
input 
controls 
the 
hardware 
write 
protect 
feature. 
When 
held 
lOW, 
hardware 
write 
protection 
is disabled 
and the X24645 
can be written 


normally. 
When 
this 
input 
is 
held 
HIGH, 
and 
the 
WPEN 
bit in the 
write 
protect 
register 
is set 
HIGH, 
write 
protection 
is enabled, 
and nonvolatile 
writes 
are 
disabled 
to the 
selected 
blocks 
as well 
as the write 
protect 
register 
itself. 


Symbol 
Description 


S1' S2 
Device Select Inputs 


SDA 
Serial Data 


SCl 
Serial Clock 


WP 
Write Protect 


Vss 
Ground 


Vcc 
Supply Voltage 


NC 
No Connect 


DIP/SOIC 


NC 
1 
8 
Vcc 
S1 
2 
7 
wp 
X24645 
S2 
3 
6 
SCl 


Vss 
4 
5 
SDA 


2783 
ILL F02.2 


14-LEADSOIC 


NC 
1 
14 
NC 


NC 
2 
13 
NC 


NC 
3 
12 
vCC 


S1 
4 
X24645 11 
wp 


S2 
5 
10 
SCl 


VSS 
6 
9 
SDA 


NC 
7 
8 
NC 


2783 
ILL F03.2 


DEVICE 
OPERATION 


The X24645 supports a bidirectional bus oriented pro- 
tocol. The protocol defines any device that sends data 
onto the bus as a transmitter, and the receiving device 
as the receiver. The device controlling the transfer is a 
master and the device being controlled is the slave. 
The master will always initiate data transfers, and pro- 
vide the clock for both transmit and receive operations. 
Therefore, the X24645 will be considered a slave in all 
applications. 


_~v 


I/: 
I 


Clock and Data Conventions 


Data states on the SDA line can change only during 
SCL LOW. SDA state changes during SCL HIGH are 
reserved for indicating start and stop conditions. Refer 
to Figures 1 and 2. 


Start Condition 


All commands are preceded by the start condition, 
which is a HIGH to LOW transition of SDA when SCL is 
2 


HIGH. The X24645 continuously monitors the SDA and 
SCL lines for the start condition and will not respond to 
any command until this condition has been met. 


\U! 
I 
I 
:X : 
I 
I 


I 
DATA STABLE 
I DATA 
I 
CHANGE 


~~I_- 
I 


~ 
I 


Notes: 
(5) Typical values are for TA = 25°C and nominal supply voltage (5V) 
(6) 
tWR is the minimum cycle time from the system perspective when polling techniques are not used. It is the maximum time the 
device requires to perform the internal write operation. 


:\ 
/ 
I 
~ __ 
..J 


I 
I 


I 
I 


START BIT 


\ 
/: 
'--_--J 
I 


I 


I 
I 
I 


STOP BIT 


Stop Condition 
All communications 
must be terminated by a stop 


condition, which is a LOW to HIGH transition of SDA 
when SCL is HIGH. The stop condition is also used to 
place the device into the standby power mode after a 
read sequence. A stop condition can only be issued 
after the transmitting device has released the bus. 


Acknowledge 
Acknowledge is a software convention used to indi- 
cate successful data transfer. The transmitting device, 
either master or slave, will release the bus after trans- 
mitting eight bits. During the ninth clock cycle the 
receiver will pull the SDA line LOW to acknowledge 
that it received the eight bits of data. Refer to Figure 3. 


DATA OUTPUT 
FROM 


TRANSMITTER 


DATA 
OUTPUT 
FROM 


RECEIVER 


The X24645 will respond with an acknowledge after 
recognition of a start condition and its slave address. If 
both the device and a write operation 
have been 


selected, the X24645 will respond with an acknowl- 
edge after the receipt of each subsequent 8-bit word. 


In the read mode the X24645 will transmit eight bits of 
data, release the SDA line and monitor the line for an 
acknowledge. If an acknowledge is detected and no 
stop condition is generated by the master, the X24645 
will continue to transmit data. If an acknowledge is not 
detected, the X24645 will terminate further data trans- 
missions. The master must then issue a stop condition 
to return the X24645 to the standby power mode and 
place the device into a known state. 


L--------~-~7 


S 
T 
SLAVE 
BYTE 
S 
~ 
ADDRESS 
ADDRESS 
DATA 
~ 


T~~~P 
~ ::::::LJ :::::::LI:::::::lK 
A 
A 
A 
C 
C 
C 
KKK 


DEVICE 
ADDRESSING 


Following a start condition the master must output the 
address of the slave it is accessing (see Figure 4). The 
next two bits are the device select bits. A system could 
have up to four X24645's 
on the 
bus. The four 


addresses are defined by the state of the S1 and 82 
inputs. S2 of the slave address must be the inverse of 
the 82input pin. 


Figure 
4. Slave 
Address 


HIGH ORDER 


ADDRESS 


BITS 


The next five bits of the slave address are an exten- 
sion of the array's address and are concatenated with 
the eight bits of address in the byte address field, 
providing direct access to the whole 8192 x 8 array. 


The last bit of the slave address defines the operation to 
be performed. When set HIGH a read operation 
is 


selected, when set LOW, a write operation is selected. 


Following the start condition, the X24645 monitors the 
SDA bus comparing the slave address being transmitted 
with its slave address device type identifier. Upon a 
correct compare the X24645 outputs an acknowledge on 
the SDA line. Depending on the state of the RNI bit, the 
X24645 will execute a read or write operation. 


WRITE 
OPERATIONS 


Byte Write 


For a write operation, the X24645 requires a second ad- 
dress field. This address field is the byte address, com- 
prised of eight bits, providing access to anyone of 8192 
words in the array. Upon receipt of the byte address, the 
X24645 responds with an acknowledge and awaits the 
next eight bits of data, again responding with an acknowl- 
edge. The master then terminates the transfer by gener- 
ating a stop condition, at which time the X24645 begins 
the internal write cycle to the nonvolatile memory. While 
the internal write cycle is in progress the X24645 inputs 
are disabled, and the device will not respond to any re- 
quests from the master. Refer to Figure 5 for the address, 
acknowledge and data transfer sequence. 
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Page Write 
The X24645 is capable of a 32-byte page write opera- 
tion. It is initiated in the same manner as the byte write 
operation, but instead of terminating the write cycle af- 
ter the first data word is transferred, the master can 
transmit up to thirty-one more bytes. After the receipt of 
each byte, the X24645 will respond with an acknowl- 
edge. 


After the receipt of each byte, the five low order ad- 
dress bits are internally incrernented by one. The high 
order eight bits of the address remain constant. If the 
master should transrnit more than 32 bytes prior to gen- 
erating the stop condition, the address counter will "roll 
over" and the previously written data will be overwrit- 
ten. As with the byte write operation, all inputs are dis- 
abled until completion of the internal write cycle. Refer 
to Figure 6 for the address, acknowledge, and data 
transfer sequence. 


Acknowledge Polling 
The disabling of the inputs can be used to take advan- 
tage of the typical 5ms write cycle time. Once the stop 
condition is issued to indicate the end of the host's write 
operation the X24645 initiates the internal write cycle. 
ACK polling can be initiated immediately. This involves 
issuing the start condition followed by the slave ad- 
dress for a write or read operation. If the X24645 is still 
busy with the write operation no ACK will be returned. 
If the X24645 has completed the write operation, an 
ACK will be returned and the host can then proceed 
with the next read or write operation. Refer to Flow 1. 
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READ OPERATIONS 


Read operations are initiated in the same manner as 
write operations with the exception that the RIW bit of 
the slave address is set HIGH. There are three basic 
read operations: current address read, random read 
and sequential read. 


It should be noted that the ninth clock cycle of the read 
operation is not a "don't care." To terminate a read op- 
eration, the master must either issue a stop condition 
during the ninth cycle or hold SDA HIGH during the 
ninth clock cycle and then issue a stop condition. 


Current Address Read 


Internally the X24645 contains an address counter that 
maintains the address of the last byte read, increment- 
ed by one or the exact address of the last byte written. 
Therefore, if the last access read was to address n, the 
next read operation would access data from address n 
+ 1. Upon receipt of the slave address with the RJWset 
HIGH, the X24645 issues an acknowledge and trans- 


mits the byte. The read operation is terminated by the 
master; by not responding with an acknowledge and by 
issuing a stop condition. Refer to Figure 7 for the se- 
quence of address, acknowledge and data transfer. 


Random Read 


Random read operations allow the master to access 
any memory location in a random manner. Prior to issu- 
ing the slave address with the RJW bit set HIGH, the 
master must first perform a "dummy" write operation . 
The master issues the start condition, and the slave ad- 
dress with the R/W bit set LOW, followed by the byte 
address it is to read. After the word address acknowl- 
edge, the master immediately reissues the start condi- 
tion and the slave address with the RJWbit set HIGH. 
This will be followed by an acknowledge from the 
X24645 and then by the data byte. The read operation 
is terminated by the master; by not responding with an 
acknowledge and by issuing a stop condition. Refer to 
Figure 8 for the address, acknowledge and data trans- 
fer sequence. 
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Sequential Read 
Sequential reads can be initiated as either a current 
address read or random access read. The first byte is 
transmitted as with the other modes, however, the 
master now responds with an acknowledge, indicating 
it requires additional data. The X24645 continues to 
output data for each acknowledge received. The read 
operation 
is 
terminated 
by 
the 
master; 
by 
not 


responding with an acknowledge and then issuing a 
stop condition. 


SDA 


SCL 


The data output is sequential, with the data from 
address n followed by the data from n + 1. The address 
counter for read operations increments all address bits, 
allowing the entire memory contents to be serially read 
during one operation. At the end of the address space 
(address 8191), the counter "rolls over" to 0 and the 
X24645 continues to output data for each acknowledge 
received. 
Refer 
to 
Figure 
9 
for 
the 
address, 


acknowledge and data transfer sequence. 


VCC 


PULL-UP 
RESISTORS 


WRITE PROTECT REGISTER 


The Write Protect Register (WPR) is located at the 
highest address, 1FFFh. 


Figure 11. Write Protect Register 


WPR (ADDR = 1FFFh) 


7 
6 
5 
4 
3 
2 
1 
I 
0 


WPEN 
a 
a 
BP1 
BPa 
RWEL 
WEL I 
a 


WPR.1 = WEL 
- 
"Write Enable" Latch (Volatile) 
0= Write enable latch reset, writes disabled 
1 = Write enable latch set, writes enabled 


If WEL = "0" then "no ACK" after first byte of input data. 


WPR.2= RWEL 
- 
"Register Write Enable" Latch (Volatile) 
o = Register write enable latch reset, writes dis- 
abled 
1 = Register write enable latch set, writes enabled 


WPR.3, WPR.4 = BPO,BP1 
- 
Bloc~ Protect Bits (Nonvolatile) 


(See BI :k Protect section for definition) 


WPR.7= WPEN 
- 
Write Protect Enable Bit (Nonvolatile) 


(See Hardware Write Protect section for definition) 


Writing t ) the Write Protect Register 


The WritE Protect Register is written by performing a 
random ""rite of one byte directly to address, 1FFFh. If 
a page ""rite is performed starting with any address 
other tha 1 1FFF, the byte in the array at address 
1FFFh w II be written instead of the Write Protect 
Register (assuming writes are not disabled by the 
block protect register). 


The state of the Write Protect Register can be read by 
performin ~ a random read at address 1FFFh at any 
time. If a i;equential read starting at any other address 
than 1FFFh is performed, the contents of the byte in 
the array at 1FFFh is read out instead of the Write 
Protect Register. 


WEL and RWEL are volatile latches that power-up in 
the LOW (disabled) state. A write to any address other 
than 
1FFFh, where the Write 
Protect 
Register 
is 


located, will be ignored (no ack) until the WEL bit is set 
HIGH. The WEL bit is set by writing 0000001x to 
address 1FFFh. Once set, WEL remains HIGH until 
either reset (by writing 00000000 to 1FFFh) or until the 
part powers-up again. The RWEL bit controls writes to 
the block protect bits. RWEL is set by first setting WEL 
__ 
to "1" and then writing 0000011x to address 1FFFh. 
RWEL must be set in order to change the block protect 
bits, BPO and BP1, or the WPEN bit. RWEL is reset 
when the block protect or WPEN bits are changed, or 
when the part powers-up again. 


Programming the BP or WPEN Bits 


A three step sequence 
is required to change the 


nonvolatile Block Protect or Write Protect Enable: 


1) Set WEL = 1 (write 00000010 to address 1FFFh, 
volatile write cycle) 


(Start) 


2) Set RWEL = 1 (write 00000110 to address 1FFFh, 
volatile write cycle) 


(Start) 


3) Set BP1, BPO, and/or WPEN bits (Write wOOyz010 
to address 1FFFh) 


w = WPEN, Y= BP1, Z = BPO, 


(Stop) 


Step 3 is a nonvolatile write cycle, requiring 10ms to 
complete. RWEL is reset to "0" by this write cycle, 
requiring another write cycle to set RWEL again before 
the block protect bits can be changed. RWEL must be 
"0" in step 3; if wOOyz110 is written to address 1FFFh, 
RWEL is set but WPEN, 
BP1 and 
BPO are not 


changed (the device remains at step 2). 


Block 
Protect 
Bits 


The Block Protect Bits BPOand BP1 determine which 
blocks of the memory are write-protected: 


Protected 


BP1 
BPO 
Addresses 


0 
0 
None 


0 
1 
1800h-1FFFh 
Upper 1/4 


1 
0 
1000h-1FFFh 
Upper 1/2 


Full Array (WPR 
1 
1 
OOOOh-1FFFh 
not included) 


Programmable 
Hardware 
Write 
Protect 


The Write Protect (WP) pin and the Write Protect 
Enable (WPEN) bit in the Write 
Protect 
Register 


control 
the 
programmable 
hardware 
write 
protect 
feature. Hardware write protection is enabled when 
the WP pin is HIGH and the WPEN bit is "1", and 
disabled when either the WP pin is LOW or the WPEN 
bit is "0". When the chip is hardware write-protected, 
nonvolatile writes are disabled to the Write Protect 
Register, including the BP bits and the WPEN bit itself, 
as well as to block-protected sections in the memory 
array. Only the sections of the memory array that are 
not block-protected can be written. Note that since the 
WPEN bit is write-protected, 
it cannot be changed 


back to a LOW state, and write protection is disabled 
as long as the the WP pin is held HIGH. Table 2 
defines the write protection status for each state of 
WPEN andWP. 


Memory 
Array 
(Not Block 
Memory 
Array 
WP 
WPEN 
Protected) 
(Block 
Protected) 
BP Bits 
WPEN 
Bit 


L 
X 
Writable 
Protected 
Writable 
Writable 


X 
0 
Writable 
Protected 
Writable 
Writable 


H 
1 
Writable 
Protected 
Protected 
Protected 


ABSOLUTE MAXIMUM RATINGS· 


Temporature 
under 
Bias 


XC!4645 
-65°C 
to + 135°C 
Storage 
Temperature 
-65°C 
to + 150°C 


Voltag 3 on any Pin with 
R spect to Vss 
-1V 
to +7V 
D.C. Output 
Current 
5mA 


lead 
Temperature 


(S )ldering, 
10 seconds) 
300°C 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


·COMMENT 


Stresses 
above 
those 
listed 
under 
"Absolute 


Maximum 
Ratings" 
may cause 
permanent 
damage 
to 


the device. 
This 
is a stress 
rating 
only 
and the func- 


tional 
operation 
of the 
device 
at these 
or any 
other 


conditions 
above 
those 
indicated 
in the 
operational 


sections 
of this specification 
is not implied. 
Exposure 


to absolute 
maximum 
rating 
conditions 
for 
extended 
• 
periods 
may affect device 
reliability. 


Supply Voltage 
Limits 


X24645 
4.5V to 5.5V 


X24645-2.7 
2.7V to 5.5V 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


ICC1 
Vcc Supply Current (Read) 
1 
mA 
SCl = Vcc X 0.1Ncc 
X 0.9 levels 


Icc2 
Vcc Supply Current (Write) 
3 
mA 
@ 100KHz, SDA = Open, All Other 
Inputs = Vss or Vcc - 0.3V 


IS81(1) 
Vcc Standby Current 
50 
JlA 
SCl = SDA = Vcc' All Other 
Inputs = Vss or Vcc - 0.3V, 
Vcc = 5V± 
10% 


IS82(1) 
Vcc Standby Current 
1 
JlA 
SCl = SDA = Vcc, All Other 
Inputs = Vss or Vcc - 0.3V, 
Vcc = 2.7V 


III 
Input leakage 
Current 
10 
JlA 
V1N= Vss to Vcc 


ILO 
Output leakage 
Current 
10 
JlA 
VOUT = Vss to Vcc 


VIL(2) 
Input lOW 
Voltage 
-1 
Vcc x 0.3 
V 


VIH(2) 
Input HIGH Voltage 
Vcc x 0.7 
Vcc + 0.5 
V 


VOL 
Output lOW 
Voltage 
0.4 
V 
IOL= 3mA, Vcc = 4.5V 


Symbol 
Parameter 
Max. 
Units 
Test Conditions 


CI/O(3) 
Input/Output 
Capacitance 
(8DA) 
8 
pF 
VI/O = OV 


CIN 
(3) 
Input Capacitance 
(81, 82, 8Cl) 
6 
pF 
V1N= OV 


Notes: 
(1) 
Must perform a stop command prior to measurement. 


(2) 
V1L min. and V1H max. are for reference only and are not 100% tested. 
(3) This parameter is periodically sampled and not 100% tested. 


Input Pulse Levels 
VccxO.1 
toVccxO.9 


Input Rise and 
Fall Times 
10ns 


Input and Output 
Timing Levels 
VccX 
0.5 
1=0 


OUTPUT---i 


.I.100pF 


A.C. OPERATING 
CHARACTERISTICS 
(Over the recommended 
operating 
conditions, 
unless otherwise 
specified.) 


Read & Write 
Cycle 
Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCL 
SCL Clock Frequency 
0 
100 
KHz 


T1 
Noise Suppression 
Time 
100 
ns 
Constant at SCL, SDA Inputs 


tM 
SCL LOW to SDA Data Out Valid 
, 
0.3 
3.5 
Jls 


tSUF 
Time the Bus Must Be Free Before a 
4.7 
Jls 


New Transmission 
Can Start 


tHD:STA 
Start Condition 
Hold Time 
4 
Jls 


tLOw 
Clock LOW Period 
4.7 
Jls 


tHIGH 
Clock HIGH Period 
4 
Jls 


tSU:STA 
Start Condition 
Setup Time 
4.7 
Jls 


(for a Repeated Start Condition) 


tHD:DAT 
Data In Hold Time 
0 
JlS 


tSU:DAT 
Data In Setup Time 
250 
ns 


tR 
SDA and SCL Rise Time 
1 
Jls 


tF 
SDA and SCL Fall Time 
300 
ns 


tSU:STO 
Stop Condition 
Setup Time 
4.7 
JlS 


tDH 
Data Out Hold Time 
300 
ns 


Symbol 
Parameter 
Max. 
Units 


tpUR 
Power-up to Read Operation 
1 
ms 


tpuw 
Power-up to Write Operation 
5 
ms 


2783 
FRMT10 


Notes: 
(4) tpUR and tpuw are the delays required from the time Vcc is stable until the specified operation can be initiated. These parameters 


are periodically sampled and not 100% tested. 


Write 
Cycle 
Limits 


Symbol 
TWR(6) 


Typ.(5) 


5 


Parameter 


Write Cycle Time 
• 


The write cycle time is the time from a valid stop 
condition of a write sequence to the end of the internal 
erase/program 
cycle. 
During 
the 
write 
cycle, 
the 


Bus Timing 


2783 
FRM 
T11 


X24645 bus interface circuits are disabled, SDA is 
allowed to remain HIGH, and the device does not 
respond to its slave address. 


Notes: 
(5) 
Typical values are forTA = 25°C and nominal supply voltage (5V). 
(6) 
tWR is the minimum cycle time to be allowed from the system perspective unless polling techniques are used. It is the maximum 
time the device requires to automatically 
complete the internal write operation. 


Guidelines 
for Calculating 
Typical 
Values 
of 


Bus Pull-Up 
Resistors 


120 


R 
- vcc MAX -1 8Ka 
100 
MIN- 
- . 
a 
I 
10LMIN 
~ 
80 
tR 
UJ 
RMAX=-- 
() 
I 
CSUS 
z 
60 
MAX. 
f:': 
RESISTANCE 


(f) 
U5 
40 
UJa: 
20 


0 
0 
20 
40 
60 
80 
100 
120 


BUS CAPACITANCE 
(pF) 
2783 
ILL F19 


INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 


May change 
Will change 
from LOW 
from LOW 
to HIGH 
to HIGH 


May change 
Will change 


from HIGH 
from HIGH 


to LOW 
to LOW 


Don't Care: 
Changing: 


Changes 
State Not 
Allowed 
Known 


N/A 
Center Line 
is High 
Impedance 


X24645 
_T 


x 
-xL 


VCCRange 
Blank = 5V ±10% 


2.7 = 2.7V to 5.5V 


Temperature 
Range 


Blank = O°C to +70°C 
I = -40°C 
to +85°C 


M = -55°C 
to + 125°C 


Package 


P = 8-Lead 
Plastic 
DIP 
S = 14-Lead 
SOIC 


S8 = 8-Lead 
SOIC (JEDEC) 


A = 8-Lead 
SOIC (EIAJ) 


V = 20-Lead 
TSSOP 


x -- 
P = 8-Lead 
Plastic 
DIP 
S = 14-Lead 
SOIC 
Blank = 8-Lead 
SOIC (JEDEC) 
S = 8-Lead 
SOIC (EIAJ) 
V = 20-Lead 
TSSOP 
XL-- 
Blank = 4.5V to 5.5V, O°C to +70°C 
1= 4.5V to 5.5V, -40°C 
to +85°C 


F = 2.7V to 5.5V, O°C to +70°C 
G = 2.7V to 5.5V, -40°C 
to +85°C 


LIMITED WARRANTY 


Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification 
provisions appearing 
in its Terms of Sale only. Xicor, Inc. 


makes no warranty, 
express, 
statutory, implied, or by description 
regarding the information 
set forth herein or regarding the freedom 
of the 
described devices from patent infringement. 
Xicor, Inc. makes no warranty of merchantability 
or fitness for any purpose. Xicor, Inc. reserves the 


right to discontinue 
production and change specifications 
and prices at any time and without notice. 


Xicor, Inc. assumes no responsibility for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product. No other circuits, patents, 
licenses are implied. 


U.S. PATENTS 


Xicor products are covered by one or more of the following U.S. Patents: 4,263,664; 4,274,012; 4,300,212; 4,314,265; 
4,326,134; 
4,393,481; 


4,404,475; 
4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 
967; 
4,883, 976. Foreign patents and additional patents pending. 


LIFE RELATED POLICY 


In situations 
where semiconductor 
component 
failure may endanger life, system designers using this product should design the system with 
appropriate 
error detection and correction, redundancy and back-up features to prevent such an occurence. 


Xico~s products are not authorized for use in critical components in life support devices or systems. 


1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain 


life, and whose failure to perform, when properly used in accordance 
with instructions for use provided in the labeling, can be reasonably 
expected to result in a significant injury to the user. 


2. 
A critical component 
is any component of a life support device or system whose failure to perform can be reasonably expected to cause the 
failure of the life support device or system, or to affect its safety or effectiveness. 


APPLICATION 
NOTES 
AVAILABLE 


AN9· AN18· 
AN31 • AN37· AN40 
iCOP 
® 


• 1MHz Clock Rate 
• 256 X 8 Bits 


-4 
Byte Page Mode 
• Low Power CMOS 
-150~ 
Standby Current 
-2mA 
Active Current 
• 5V Power Supply 
• Built-in Inadvertent Write Protection 
-Power-Up/Power-Down 
protection circuitry 
-Write 
Latch 
-Write 
Protect Pin 
• Self-Timed Write Cycle 
-5ms 
Write Cycle Time (Typical) 
• High Reliability 
-Endurance: 
100,000 cycles per byte 
-Data 
Retention: 100 Years 
-ESD 
protection: 2000V on all pins 
• 8-Pin Mini-DIP Package 
• 8-Pin SOIC Package 


DESCRIPTION 


The X25C02 
is a CMOS 2048-bit 
serial E2pROM, 
inter- 
nally organized 
as 256 x 8. The X25C02 
features 
a serial 
interface 
and software 
protocol 
allowing 
operation 
on a 
2 


simple three-wire 
bus. The bus signals are a clock input 
(SCK) plus separate 
data in (SI) and data out (SO) lines. 


Access 
to the device is controlled 
through 
a chip select 


(CS) input, allowing 
any number 
of devices 
to share the 
same bus. 


The 
X25C02 
also 
features 
two 
additional 
inputs 
that 
provide the end user with added flexibility. 
By asserting 
the HOLD input, the X25C02 
will ignore transitions 
on its 
inputs, thus allowing 
the host to service 
higher 
priority 
interrupts. 
The WP input can be used as a hardwire 
input 


to the X25C02 
disabling 
all write attempts, 
thus provid- 
ing a mechanism 
for 
limiting 
end 
user 
capability 
of 
altering 
the memory. 


The X25C02 
utilizes 
Xicor's 
proprietary 
Direct Write™ 


cell, providing 
a minimum 
endurance 
of 100,000 
cycles 
per byte and a minimum 
data retention 
of 100 years. 


SO 


SI 


SCK 
CS 


HOLD 


COMMAND 
DECODE 
AND 
CONTROL 
LOGIC 


WRITE 
CONTROL 
AND 
TIMING 
LOGIC 


Direct 
Write™ 
is a trademark 
of Xicor, 
Inc. 


eXicor, 
Inc. 1994, 
1995 
Palents 
Pending 


3843-1.5 
5/25/95 
T8IC51DO 
TO 


X 
64 
DECODE 
LOGIC 


256 BYTE ARRAY 
(64 X 32) 


PIN DESCRIPTIONS 


Serial Output (SO) 


SO is a push/pull 
serial data output 
pin. During a read 
cycle, data is shifted 
out on this pin. Data is clocked 
out 
by the falling 
edge of the serial clock. 


Serial Input (SI) 


SI is the serial 
data input 
pin. All data, opcodes, 
byte 
addresses, 
and data to be written 
to the memory 
are 
input on this pin. Data is latched by the rising edge of the 
serial clock. 


Serial Clock (SCK) 


The Serial 
Clock controls 
the serial bus timing for data 
input and output. 
Opcodes, 
addresses, 
or data present 
on the SI pin are sampled 
or latched 
on the rising edge 
of the clock input, while data on the SO pin change 
after 
the falling 
edge of the clock 
input. 


Chip Select (CS) 


When 
CS is HIGH, 
the X25C02 
is deselected 
and the 
SO output 
pin is at HIGH 
impedance 
and 
unless 
an 
internal write operation 
is underway, 
the X25C02 
will be 


DIP/SOIC 


cs 
1 
8 
vCC 
SO 
2 
7 
HOLD 
X25C02 
wp 
3 
6 
SCK 
vSS 
4 
5 
SI 


3843 
FHD F02.1 


in the 
standby 
power 
mode. 
CS 
LOW 
enables 
the 


X25C02, 
placing it in the active power mode. It should be 
noted that after power-up, 
a HIGH to LOW transition 
on 
CS is required 
prior to the start of any operation. 


Write Protect (WP) 


When WP is LOW, nonvolatile 
writes to the X25C02 
are 
disabled, 
but 
the 
part 
otherwise 
functions 
normally. 


When WP is held HIGH, all functions, 
including 
nonvola- 
tile writes operate 
normally. 
WP going LOW while CS is 
still 
LOW 
will 
interrupt 
a write 
to the 
X25C02. 
If the 


internal write cycle has already 
been initiated, 
WP going 
LOW will have no affect on a write. 


Hold (HOLD) 


HOLD is used in conjunction 
with the CS pin to select the 
device. Once the part is selected 
and a serial sequence 
is 
underway, 
HOLD 
may 
be 
used 
to 
pause 
the 
serial 
communication 
with 
the 
controller 
without 
resetting 
the serial sequence. 
To pause, 
HOLD must be brought 


LOW while 
SCK 
is LOW. 
To resume 
communication, 


HOLD is brought 
HIGH, again while SCK is LOW. If the 


pause feature 
is not used, HOLD should 
be held HIGH 
at all times. 


Symbol 
Description 


CS 
Chip Select 
Input 


SO 
Serial Output 


SI 
Serial 
Input 


SCK 
Serial Clock 
Input 


WP 
Write 
Protect 
Input 


Vss 
Ground 


Vcc 
Supply 
Voltage 


HOLD 
Hold Input 


PRINCIPLES OF OPERATION 


The X25C02 
is a 256 x a E2pROM 
designed 
to interface 


directly 
with the synchronous 
serial peripheral 
interface 


(SPI) of many popular 
microcontroller 
families. 


The X25C02 
contains 
an a-bit instruction 
register. 
It is 


accessed 
via the Sl input, with data being clocked 
in on 


the rising SCK. CS must be LOW and the HOLD and WP 
inputs 
must be HIGH during the entire operation. 


Table 
1 contains 
a list 
of the 
instructions 
and 
their 


opcodes. 
All instructions, 
addresses 
and data are trans- 


ferred 
MSB first. 


Data input is sampled 
on the first rising edge of SCK after 


CS goes LOW. SCK is static, allowing 
the user to stop 


the clock and then resume operations. 
If the clock line is 


shared with other peripheral 
devices 
on the SPI bus, the 


user can assert the HOLD inputto 
place the X25C02 
into 


a "PAUSE" 
condition. 
After releasing 
HOLD, the X25C02 


will resume 
operation 
from the point when 
HOLD 
was 


first asserted. 


Write Enable (WREN) and Write Disable (WRDI) 


The X25C02 
contains 
a "write enable" 
latch. This latch 


must be SET before a write operation 
will be completed 


internally. 
The WREN 
instruction 
will set the latch and 


the WRDI 
instruction 
will reset the latch. 
This 
latch 
is 


automatically 
reset upon a power-up 
condition 
and after 


the completion 
of a byte or page write cycle. The latch is 


also reset if WP is brought 
LOW. 
-- 


Instruction Name 
Instruction Format· 
Operation 


WREN 
0000 
0110 
Set the Write Enable 
Latch (Enable 
Write Operations) 


WRDI 
0000 
0100 
Reset the Write Enable 
Latch (Disable 
Write Operations) 


READ 
0000 
0011 
Read Data from Memory 
Array beginning 
at selected 
ad- 


dress 


WRITE 
0000 
0010 
Write 
Data to Memory 
Array beginning 
at Selected 
Address 


(1 to 4 Bytes) 


Clock and Data Timing 


Data input on the SI line is sampled and latched on the 
rising edge of SCK. Data is output on the SO line by the 
falling edge of SCK. 


Read Sequence 


The CS line isfirst pulled LOWto select the device. The 
a-bit read opcode is transmitted to the X25C02, fol- 
lowed by the a-bit address. After the READ opcode and 
byte address are sent, the data stored in the memory 
at the selected address is shifted out on the SO line. 
The data stored in memory at the next address can be 
read sequentially by continuing to provide clock pulses. 
The byte address is automatically incremented to the 
next higher address after each byte of data is shifted 
out. When the highest address is reached ($FF) the 
address counter rolls over to address $00 allowing the 
read cycle to be continued indefinitely. The read opera- 
tion is terminated by taking CS HIGH. Refer to the read 
operation sequence illustrated in Figure 1. 


Write Sequence 


Prior to any attempt to write data into the X25C02, the 
"write enable" latch must first be set by issuing the 
WREN instruction (See Fig. 2). CS is first taken LOW, 
then the instruction is clocked into the X25C02. After all 
eight bits ofthe instruction are transmitted, CS mustthen 
be taken HIGH. If the user continues the write operation 
without taking CS HIGH after issuing the WREN instruc- 
tion, the write operation will be ignored. 


Once the "write enable" latch is set, the user may 
proceed by issuing the write instruction, followed by the 
address and then the data to be written. This is minimally 
a twenty-four clock operation. CS must go LOW and 
remain LOW for the duration of the operation. The host 
may continue to write up to four bytes of data to the 
X25C02. The only restriction is the four bytes must 
reside on the same page. A page address begins with 
address XXXX XXOOand ends with XXXX XX11. If the 
byte address counter reaches XXXX XX11 and the clock 
continues the counter will "roll over" to the first address 
of the page and overwrite any data that may have been 
written. 


For the write operation (byte or page write) to be 
completed, CS can only be brought HIGH after the 
twenty-fourth, thirty-second, fourtieth or fourty-eighth 
clock. If it is brought HIGH at any other time, the write 
operation will not be completed. Refer to Figure 4 for a 
detailed illustration of the page write sequence and time 
frames in which CS going HIGH are valid. 


Hold Operation 


The HOLD input should be HIGH (at VI H) under normal 
operation. If a data transfer is to be interrupted HOLD 
can be pulled LOW to suspend the transfer until it can be 
resumed. The only restriction is the SCK input must be 
LOW when HOLD is first pulled low and SCK must also 
be LOW when HOLD is released. 


The HOLD input may betied HIGH either directly to Vcc 
or tied to Vcc through a resistor. 


Operational Notes 


The X25C02 
powers-up 
in the following 
state: 


• The device 
is in the low power 
standby 
state. 


• A HIGH to LOW transition 
on CS is required 
to 
enter an active 
state and receive 
an instruction. 


• SO pin is high impedance. 


• The "write enable" 
latch is reset. 


Data Protection 


The 
following 
circuitry 
has 
been 
included 
to prevent 
inadvertent 
writes: 


• The "write enable" 
latch is reset upon power-up. 


• A WREN 
instruction 
must be issued 
to set the "write 
enable" 
latch. 


• CS must come 
HIGH at the proper 
clock count 
in 


order to start a write cycle. 
III 


The "write enable" latch is reset when WP is brought LOW. 
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Figure 4. Page Write Operation Sequence 
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ABSOLUTE MAXIMUM RATINGS* 
Temperal 
ure under 
Bias 
-65°C 
to +135°C 


Storage 
Temperature 
-65°C 
to + 150°C 


Voltage 
011 any Pin with Respect to VSS 
-1Vto+7V 
D.C. Output 
Current 
5mA 


Lead Temperature 


(Soldl~ring, 
10 seconds) 
300°C 


Temp 
Min. 
Max. 


Comrnercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


MilitalY 
-55°C 
+125°C 


*COMMENT 
Stresses 
above those listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 


listed in the operational 
sections 
of this specification 
is 


not implied. 
Exposure 
to absolute 
maximum 
rating con- 


ditions for extended 
periods may affect device reliability. 


Supply Voltage 


X25C02 


Limits 


5V ±10% 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Ice 
\fee 
Supply 
Current 
(Active) 
2 
mA 
SCK = Vee 
x 0.1Nee x 0.9 @ 1MHz, 


SO = Open 


ISB 
'Ice Supply 
Current 
(Standby) 
150 
~A 
CS = Vee, 
VIN = VSS or Vee 
- 0.3V 


III 
Input Leakage 
Current 
10 
~A 
VIN = VSS to Vee 


ILO 
Output 
Leakage 
Current 
10 
~A 
VOUT = Vss 
to Vee 


VIL(1) 
Input LOW Voltage 
-1 
Vee x 0.3 
V 


VIH(1) 
Input HIGH Voltage 
Vee x 0.7 
Vee 
+ 0.5 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL= 2mA 


VOH 
Output 
HIGH Voltage 
Vee-Q·8 
V 
IOH =-1mA 


Symbol 
Parameter 
Min. 
Max. 
Units 


tpUR(1) 
Power-up 
to Read Operation 
1 
ms 


tpUW(11 
Power-up 
to Write Operation 
5 
ms 


Symhol 
Test 
Max. 
Units 
Conditions 


COliT(2) 
Output 
Capacitance 
(SO) 
8 
pF 
VOUT= 
OV 


CIN(2) 
Input Capacitance 
(SCK, SI, CS, WP, HOLD) 
6 
pF 
VIN= 
OV 


Notes: 
(1) 'I'L min. and V'H max. are for reference only and are not tested. 
(2) This parameter is periodically sam pied and not 100% tested. 


InputPulseLevels 
VccxO.1 toVcCxO.9 
InputRiseand FallTimes 
10ns 


Inputand OutputTiming Level 
VCCxO.5 


A.C. CHARACTERISTICS (Over recommended operating conditions, unless otherwise specified) 


Data Input Timing 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCK 
Clock Frequency 
0 
1 
MHz 


tCYC 
. 
Cycle Time 
1000 
ns 


tLEAO 
CS Lead Time 
500 
ns 


tLAG 
CS Lag Time 
500 
ns 


tWH 
Clock HIGH Time 
400 
ns 


tWL 
Clock LOW Time 
400 
ns 


tsu 
Data Setup Time 
100 
ns 


tH 
Data Hold Time 
100 
ns 


tRI 
Data In Rise Time 
2 
~s 
tFI 
Data In Fall Time 
2 
~ 
tHO 
HOLD Setup Time 
200 
ns 


tco 
HOLD Hold Time 
200 
ns 


tcs 
CS Deselect Time 
500 
ns 
twd3) 
Write Cycle Time 
10 
ms 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCK 
Clock Frequency 
0 
1 
MHz 


tOIS 
Output Disable Time 
500 
ns 
tv 
Output Valid from clock Low 
400 
ns 


tHO 
Output Hold Time 
0 
ns 
tRo\1) 
Output Rise Time 
300 
ns 
tFQ(1) 
Output Fall Time 
300 
ns 


tLZ 
HOLD HIGH to Output in Low Z 
100 
ns 


tHZ 
HOLD LOW to Output in High Z 
100 
ns 
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Notes: 
(3) 'wc is the time from the rising edge of CS after a valid write sequence has been sent to the end of the self-timed internal 


nonvolatile write cycle. 
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SYMBOL 
TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 
-' 


May change 
Will change 


from LOW 
from LOW 


to HIGH 
to HIGH 


~ 


May change 
Will change 


from HIGH 
from HIGH 


to LOW 
to LOW 


XXXX 


DDn't Care: 
Changing: 


Changes 
State Not 


Allowed 
Known 
" 


N/A 
Center Line 
is High 
Impedance 


X25C02T 


-vLVcc Limits 
Blank = 5V ±1 0% 


Temperature 
Range 
Blank = Commercial 
= O°C to +70°C 


I = Industrial = -40°C 
to +85°C 
M = Military = -55°C 
to + 125°C • 


Package 
P = 8-Lead 
Plastic 
DIP 
S = 8-Lead 
SOIC 


x - 
Blank = 8-Lead 
SOIC 


P = 8-Lead 
Plastic 
DIP 
S = 8-Lead 
SOIC 


xL Blank = 5V ±10%, 
O°C to +70°C 
I = 5V ±10%, 
-40°C 
to +85°C 


M = 5V ±1 0%, -55°C 
to + 125°C 


LIMITED WARRANTY 


Devices 
sold by Xicor, 
Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms 
of Sale only. Xicor, Inc. makes no warranty, 


express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent infringement. 


Xicor, Inc. makes 
no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 
prices at any time and without 
notice. 


Xicor, Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4,263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 
4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 967; 4,883, 
976. Foreign 
patents 
and 
additional 
patents 
pending. 


LIFE RELATED 
POLICY 


In situations 
where semiconductor 
component 
failure may endanger 
life, system designers 
using this product should design the system 
with appropriate 
error 
detection 
and correction, 
redundancy 
and back-up 
features 
to prevent 
such an occurence. 


Xicor's products 
are not authorized 
for use in critical components 
in life support devices or systems. 
1. Life support 
devices 
or systems 
are devices 
or systems 
which, (a) are intended 
for surgical 
implant 
into the body, or (b) support 
or sustain 
life, and whose 


failure to perform, 
when properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 
injury to the user. 


2. A critical component 
is any component 
of a life support device or system whose failure to perform 
can be reasonably 
expected 
to cause the failure of the life 
support 
device 
or system, 
or to affect its safety or effectiveness. 


b 


ApPLICATIONNOTES 


AVAILABLE 


A~ 9· AN18· 
AN31 • AN37. 
AN40 
iCOP 
® 


• 1MHz Clock Rate 
• SPI Modes (0,0 & 1,1) 
• 256 X 3 Bits 


--4 Byte Page Mode 
• Low P)wer CMOS 
-150~A Standby Current 
-3mA Active Write Current 
• 2.7V T" 5.5V Power Supply 
• Block I.ock Protection 
-Protl!ct 
1/4,1/2 or all of E2pROM Array 
• Built-in Inadvertent Write Protection 
-POWI !r-Up/Power-Down protection circuitry 
-Write 
Latch 


-Write 
Protect Pin 
• Self-Tirned Write Cycle 
-5ms 
Write Cycle Time (Typical) 
• High Roliability 
-Endu 
rance: 100,000 cycles per byte 
-Data 
~etention: 100 Years 
-ESD 
protection: 2000V on all pins 
• 8-Pin Mini-DIP Package 
• 8-Lead ~iOIC Package 
• 8-Lead TSSOP 


DESCRIPTION 


The X25020 
is a CMOS 2048-bit 
serial E2pROM, 
inter- 


nally organized 
as 256 x 8. The X25020 
features 
a serial 
interface 
and software 
protocol 
allowing 
operation 
on a 


simple three-wire 
bus. The bus signals 
are a clock input 
•• 
(SCK) plus separate 
data in (Sl) and data out (SO) lines. 
~ 
Access 
to the device 
is controlled 
through 
a chip select 


(CS) input, allowing 
any number of devices 
to share the 
same bus. 


The 
X25020 
also 
features 
two 
additional 
inputs 
that 


provide the end user with added fleXibility. 
By asserting 


the HOLD input, the X25020 
will ignore transitions 
on its 


inputs, thus allowing 
the host to service 
higher 
priority 


interrupts. 
The WP input can be used as a hardwire 
input 


to the X25020 disabling 
all write attempts, 
thus providing 


a mechanism 
for limiting 
end user capability 
of altering 


the memory. 


The X25020 
utilizes 
Xicor's 
proprietary 
Direct 
Write™ 


cell, providing 
a minimum 
endurance 
of 100,000 
cycles 


per byte and a minimum 
data retention 
of 100 years. 


so 


Sl 


SCK 
cs 


HOLD 


Pili DESCRIPTIONS 


Se'ial 
Output (SO) 


SC is a push/pull 
serial data output pin. During a read 


cye Ie, data is shifted out on this pin. Data is clocked out 
by :he falling edge of the serial clock. 


Sel'ial Input (SI) 


SI 
s the serial 
data input pin. All opcodes, 
byte ad- 
dresses, and data to be written to the memory are input 
on 1his pin. Data is latched by the rising edge of the serial 
clock. 


Sel ial Clock (SCK) 


ThE Serial Clock controls the serial bus timing for data 
inplJt and output. Opcodes, 
addresses, 
or data present 


on 1he SI pin are latched on the rising edge of the clock 
inpllt, while data on the SO pin change after the falling 
ed£e of the clock input. 


Chip Select (CS) 


Wh ~nCS is HIGH, the X25020 is deselected 
and the SO 


output pin is at high impedance 
and unless an internal 
writ ~ operation 
is underway, 
the X25020 will be in the 


star dby power 
rnode. CS LOW enables 
the X25020, 
plae ing it in the active power mode. It should be noted 
that after power-up, 
a HIGH to LOW transition 
on CS is 


required prior to the start of any operation. 


Wri- e Protect (WP) 


Whl 'n WP is LOW, nonvolatile 
writes to the X25020 are 


disabled, 
but the 
part 
otherwise 
functions 
normally. 


Whl 'n WP is held HIGH, all functions, 
including nonvola- 
tile ~frites operate normally. WP going LOW while CS is 
still LOW will interrupt 
a write 
to the X25020. 
If the 


internal write cycle has already been initiated, WP going 
LOV' will have no affect on a write. 


Hold (HOLD) 


HOLD is used in conjunction 
with the CS pin to select the 


device. Once the part is selected and a serial sequence is 
underway, 
HOLD 
may 
be used 
to pause 
the 
serial 
cornmunication 
with the controller 
without 
resetting the 


serial sequence. To pause, HOLD rnust be brought LOW 
while SCK is LOW. To resume cornmunication, 
HOLD is 


brought 
HIGH, again while SCK is LOW. 
If the pause 


feature is not used, HOLD should be held HIGH at all 
times. 


DIP/SOIC 


cs 
8 
Vcc 
SO 
2 
X25020 
7 
HOLD 


WP 
3 
6 
SCK 


VSS 
4 
5 
SI 
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Symbol 
Description 


CS 
Chip Select Input 


SO 
Serial Output 


SI 
Serial Input 


SCK 
Serial Clock Input 


WP 
Write Protect Input 


Vss 
Ground 


Vcc 
Supply Voltage 


HOLD 
Hold Input 


PRINCIPLES OF OPERATION 


The X25020 
is a 256 x 8 E2pROM 
designed 
to interface 
directly 
with the synchronous 
serial peripheral 
interface 
(SPI) of many popular 
microcontroller 
families. 


The X25020 
contains 
an 8-bit instruction 
register. 
It is 
accessed 
via the SI input, with data being clocked 
in on 
the rising SCK. CS must be LOW and the HOLD and WP 
inputs 
must be HIGH during the entire operation. 


Table 
1 contains 
a list of the 
instructions 
and 
their 
opcodes. 
All instructions, 
addresses 
and data are trans- 


ferred 
MSB first. 


Data input is sampled 
on the first rising edge of SCK after 
CS goes LOW. 
SCK is static, 
allowing 
the user to stop 
the clock and then resume operations. 
If the clock line is 
shared with other peripheral 
devices on the SPI bus, the 
user can assert the HOLD input to place the X25020 
into 
a "PAUSE" 
condition. 
After releasing 
HOLD, the X25020 


will resume 
operation 
from the point when HOLD was 
first asserted. 


Write Enable Latch 


The X25020 
contains 
a "write enable" 
latch. This latch 
must be SET before a write operation 
will be completed 


internally. 
The WREN 
instruction 
will set the latch and 


the WRDI 
instruction 
will reset the latch. This latch is 
automatically 
reset upon a power-up 
condition 
and after 


the completion 
of a byte, page, or status 
register 
write 
cycle. 


Status Register 


The 
RDSR 
instruction 
provides 
access 
to the status 
register. 
The status 
register 
may be read at any time, 


even during a write cycle. The status 
register 
is format- 
ted as follows: 
• 


BPO and BP1 are set by the WRSR 
instruction. 
WEL 
and WIP are read-only 
and automatically 
set by other 
operations. 


The Write-In-Process 
(WIP) 
bit indicates 
whether 
the 
X25020 
is busy with a write operation. 
When set to a "1", 


a write 
is in progress, 
when 
set to a "0", no write 
is in 
progress. 
During a write, all other bits are set to "1". 


The Write Enable Latch (WEL) bit indicates 
the status of 


the "write enable" latch. When settoa 
"1 ", the latch is set, 


when set to a "0", the latch is reset. 


The Block 
Protect 
(BPO and BP1) 
bits are nonvolatile 
and allow the user to select one of four levels of protec- 
tion. The X25020 
is divided 
into four 512-bit 
segments. 


One, two, or all four of the segments 
may be protected. 
That 
is, the user may 
read the segments 
but will be 
unable to alter (write) data within the selected 
segments. 


The partitioning 
is controlled 
as illustrated 
below. 


Status Reaister Bits 
Array Addresses 
BP1 
BPO 
Protected 


0 
0 
None 


0 
1 
$CO-$FF 


1 
0 
$80-$FF 


1 
1 
$OO-$FF 


Instruction Name 
Instruction Format" 
Operation 


WREN 
0000 
0110 
Set the Write 
Enable 
Latch (Enable 
Write Operations) 


WRDI 
0000 
0100 
Reset the Write 
Enable 
Latch (Disable 
Write Operations) 


RDSR 
00000101 
Read Status 
Register 


WRSR 
0000 0001 
Write Status 
Register 


READ 
0000 
0011 
Read Data from Memory 
Array beginning 
at selected 
address 


WRITE 
0000 
0010 
Write Data to Memory 
Array beginning 
at Selected 
Address 
(1 to 32 Bytes) 


Clock and Data Timing 


Data input on the SI line is latched on the rising edge of 
SCK. Data is output on the SO line by the falling edge of 
SCK. 


Read Sequence 


When reading from the E2pROM memory array, CS is 
first pulled LOW to select the device. The 8-bit READ 
instruction istransmitted to the X25020, followed bythe 
8-bit address. After the READ opcode and address are 
sent, the data stored in the memory at the selected 
address is shifted out on the SO line. The data stored 
in memory at the next address can be read sequentially 
by continuing to provide clock pulses. The address is 
automatically incremented to the next higher address 
after each byte of data is shifted out. When the highest 
address is reached ($FF) the address counter rolls 
over to address $00 allowing the read cycle to be 
continued indefinitely. The read operation is termi- 
nated by taking CS HIGH. Refer to the read E2pROM 
array operation sequence illustrated in Figure 1. 


To read the status register CS line is first pulled LOW 
to select the device followed by the 8-bit RDSR instruc- 
tion. After the read status register opcode is sent, the 
contents of the status register are shifted out on the SO 
line. Figure 2 illustrates the read status register se- 
quence. 


Write Sequence 


Prior to any attempt to write data into the X25020 the 
"write enable" latch must first be set by issuing the 
WREN instruction (See Figure 3). CS isfirst taken LOW, 
then the WREN instruction is clocked into the X25020. 
After all eight bits of the instruction are transmitted, CS 
must then be taken HIGH. Ifthe user continues the write 
operation without taking CS HIGH after issuing the 
WREN instruction, the write operation will be ignored. 


To write data to the E2PROM memory array, the user 
issues the WRITE instruction, followed by the address 
and then the data to be written. This is minimally a thirty- 
two clock operation. CS must go LOW and remain LOW 
forthe duration of the operation. The host may continue 
to write up to 4 bytes of data to the X25020. The only 
restriction is that the 4 bytes must reside on the same 
page. Ifthe address counter reaches the end of the page 
and the clock continues, the counter will "roll over" to the 
first address of the page and overwrite any data that may 
have been written. 


For the write operation (byte or page write) to be 
completed, CS can only be brought HIGH after bit 0 of 
data byte N isclocked in. Ifit isbrought HIGH atanyother 
time the write operation will not be completed. Refer to 
Figures 4 and 5 below for a detailed illustration of the 
write sequences and time frames in which CS going 
HIGH are valid. 


To write to the status register, the WRSR instruction is 
followed by the data to be written. Data bits 0, 1, 4, 5, 6 
and 7 must be "0". Figure 6 illustrates this sequence. 


While the write is in progress following a status register 
or E2pROM write sequence, the status register may be 
readto check the WIPbit. During this time the WIP bitwill 
be HIGH. 


Hold Operation 


The HOLD input should be HIGH (at VI H) under normal 
operation. If a data transfer is to be interrupted HOLD 
can be pulled LOWto suspend the transfer until itcan be 
resumed. The only restriction is the SCK input must be 
LOWwhen HOLD isfirst pulled LOW and SCK must also 
be LOW when HOLD is released. 


The HOLD input may be tied HIGH either directly to Vcc 
or tied to Vcc through a resistor. 


Operational 
Notes 


The X25020 powers-up in the following state: 


• The device is in the low power standby state. 


• A HIGH to LOW transition on CS is required to 


enter an active state and receive an instruction. 


• SO pin is high impedance. 


• The "write enable" latch is reset. 


Figure 
1. 
Read E2PROM Array Operation 
Sequence 


cs 


Data Protection 


The following circuitry has been included to prevent 
inadvertent writes: 


• The "write enable" latch is reset upon power-up. 


• A WREN instruction must be issued to set the "write 


enable" latch. 


• CS must come HIGH at the proper clock count in 


order to start a write cycle. 


_______ 
----JI 


cs 
\ 
/ 


Figure 4. Byte Write Operation Sequence 


cs 
____________ 
~r 


Figure 5. Page Write Operation Sequence 


cs 
• 


_____________ 
1 


Figure 6. Write Status Register Operation Sequence 


cs 
________ 
1 


ABSOLUTE MAXIMUM RATINGS· 
Temperature 
under 
Bias 
-65°C 
to +135°C 
Storage 
Temperature 
-65°C 
to +150°C 
Voltage on any Pin with Respect to VSS 
-1Vto+7V 
D.C. Output 
Current 
5mA 
Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Temp 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


·COMMENT 
Stresses 
above those listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 
the device at these or any other conditions 
above those 


listed in the operational 
sections 
of this specification 
is 


not implied. 
Exposure 
to absolute 
maximum 
rating con- 


ditions for extended 
periods may affect device 
reliability. 


Supply Voltage 
Limits 


X25020 
5V±10% 


X2502Q-3 
3Vto 
5.5V 


X2502Q-2.7 
2.7V to 5.5V 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Icc 
Vcc 
Supply 
Current 
(Active) 
3 
mA 
SCK = Vcc 
x 0.1NCC 
x 0.9 
@ 1MHz, 


SO= 
Open 


ISB 
VCC Supply 
Current 
150 
IlA 
CS = VCC, 
VIN = VSS or VCC - 0.3V 


(Standby) 


III 
Input Leakage 
Current 
10 
IlA 
VIN = Vss 
to Vcc 


ILO 
Output 
Leakage 
Current 
10 
IlA 
VOUT = VSS to VCC 


VIL(1) 
Input LOW Voltage 
-1 
VCC x 0.3 
V 


VIH(1) 
Input HIGH Voltage 
VCC x 0.7 
VCC + 0.5 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL = 2mA 


VOH 
Output 
HIGH Voltage 
Vcc-o·8 
V 
IOH = -1mA 


Symbol 
Parameter 
Min. 
Max. 
Units 


tPUR(2) 
Power-up 
to Read Operation 
1 
ms 


tpUW(2) 
Power-up 
to Write Operation 
5 
ms 


Symbol 
Test 
Max. 
Units 
Conditions 


COUT(2) 
Output 
Capacitance 
(SO) 
8 
pF 
VOUT= 
OV 
CIN(2) 
Input Capacitance 
(SCK, SI, CS, WP, HOLD) 
6 
pF 
VIN = OV 


Notes: 
(1) V1L min. and V1H max. are for reference only and are not tested. 
(2) This parameter is periodically sampled and not 100% tested. 


Input Pulse Levels 
VCCxO.1 
toVcCxO.9 


Input Rise and Fall Times 
10ns 


Input and OutputTiming 
Level 
VCCxO.5 • 


A.C. CHARACTERISTICS 
(Over recommended 
operating 
conditions, 
unless otherwise 
specified) 


Data Input Timing 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCK 
Clock Frequency 
0 
1 
MHz 


tCYC 
Cycle Time 
1000 
ns 


tlEAO 
CS Lead Time 
500 
ns 


tlAG 
CS Lag Time 
500 
ns 


tWH 
Clock HIGH Time 
400 
ns 


tWl 
Clock LOW Time 
400 
ns 


tsu 
Data Setup Time 
100 
ns 


tH 
Data Hold Time 
100 
ns 


tRI 
Data In Rise Time 
2 
Jls 


tFI 
Data In Fall Time 
2 
Jls 


tHO 
HOLD Setup Time 
200 
ns 


tco 
HOLD Hold Time 
200 
ns 


tcs 
CS Deselect 
Time 
500 
ns 


twC(3) 
Write Cycle Time 
10 
ms 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCK 
Clock 
Frequency 
0 
1 
MHz 


tOIS 
Output 
Disable 
Time 
500 
ns 


tv 
Output 
Valid from Clock 
LOW 
360 
ns 


tHO 
Output 
Hold Time 
0 
ns 


tRO 
Output 
Rise Time 
300 
ns 


tFO 
Output 
Fall Time 
300 
ns 


tlZ 
HOLD 
HIGH to Output 
in Low Z 
100 
ns 


tHZ 
HOLD 
LOW to Output 
in High Z 
100 
ns 


3834 PGM T12.1 


Notes: 
(3) twc 
is the time from the rising edge of CS after a valid write sequence has been sent to the end of the self-timed 
internal 
nonvolatile 
write cycle. 


) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) )~:)) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) 


:00 
XXX 
LSB IN XXXX 


III 


HOLD 


3834 
FHD 
F11 


SYMBOL 
TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 


steady 
steady 


JZr 


May change 
Will change 
from LOW 
from LOW 
to HIGH 
to HIGH 


~ 


May change 
Will change 


from HIGH 
from HIGH 


to LOW 
to LOW 
'IJXi 


Don't Care: 
Changing: 


Changes 
State Not 
Allowed 
Known 
H 


N/A 
Center Line 
is High 
Impedance 


X25020T 


-vL Vcc Limits 
Blank = 5V ±1 0% 
3 = 3Vto 
5.5V 


2.7 = 2.7V to 5.5V 


Temperature 
Range 
Blank = Commercial 
= O°C to +70°C 


I = Industrial = -40°C 
to +85°C 


M = Military = -55°C 
to + 125°C 


Package 
P = 8-Lead 
Plastic 
DIP 
S = 8-Lead 
SOIC 
V = 8-Lead 
TSSOP 


x - 
Blank = 8-Lead 
SOIC 
P = 8-Lead 
Plastic 
DIP 
S = 8-Lead 
SOIC 
xL Blank = 5V ±10%, 
O°C to +70°C 
I = 5V ±10%, -40°C 
to +85°C 
D = 3V to 5.5V, O°C to +70°C 
E = 3V to 5.5V, -40°C 
to +85°C 
F = 2.7V to 5.5V, O°C to +70°C 
G = 2.7V to 5.5V, -40°C 
to +85°C 


LIMITED WARRANTY 


Devices 
sold by Xicor, 
Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms of Sale only_ Xicor, Inc. makes 
no warranty. 
express. 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent 
infringement. 


Xicor, Inc. makes no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 
prices at any time and without 
notice. 


Xicor, Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are 


implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4,263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 
4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 967; 4,883, 976. Foreign 
patents 
and 
additional 
patenls 
pending. 


LIFE RELATED 
POLICY 
In situations 
where semiconductor 
component 
failure may endanger 
life, system designers 
using this product should design the system 
with appropriate 
error 
detection 
and correction. 
redundancy 
and back-up 
features 
to prevent such an occurence. 


Xicor's 
products 
are not authorized 
for use in critical components 
in life support devices 
or systems. 


1. Life support 
devices 
or systems 
are devices 
or systems 
which, (al are intended 
for surgical 
implant into the body, or (bl support 
or sustain 
life, and whose 
failure to perform, 
when properly 
used in accordance 
with instructions 
for use provided 
in the labeling. 
can be reasonably 
expected 
to result in a significant 
injury to the user. 


2. A critical 
component 
is any component 
of a life support device or system whose failure to perform 
can be reasonably 
expected 
to cause the failufe 
of the life 
support 
device 
or system, 
or to affect its safety or effectiveness. 


iCDp· 


® 


• 1MHz Clock Rate 
• SPI Modes (0,1 & 1,0) 
• 256 X a Bits 


-4 
Byte Page Mode 
• Low Power CMOS 


-150IJA Standby Current 
-3mA 
Active Current 
• 2.7V To 5.5V Power Supply 
• Block Lock Protection 
-Protect 
1/4, 1/2 or all of E2pROMArray 
• Built-in Inadvertent Write Protection 
-Power-Up/Power-Down 
protection circuitry 
-Write 
Latch 
-Write 
Protect Pin 
• Self-Timed Write Cycle 
-5ms 
Write Cycle Time (Typical) 
• High Reliability 
-Endurance: 
100,000cycles per byte 
-Data 
Retention: 100Years 
-ESD 
protection: 2000Von all pins 
• a-Pin Mini-DIP Package 
• a-Lead SOIC Package 
• a-Lead TSSOP 


DESCRIPTION 


The X25021 
is a CMOS 2048-bit 
serial E2pROM, 
inter- 


nally organized 
as 256 x 8. The X25021 
features 
a Serial 
Peripheral 
Interface 
(SPI) and software 
protocol 
allow- 
ing operation 
on 
a simple 
three-wire 
bus. 
The 
bus 
• 
signals are a clock input (SCK) plus separate 
data in (SI) 
and data out (SO) lines. Access 
to the device 
is con- 


trolled 
through 
a chip select 
(CS) 
input, 
allowing 
any 
number 
of devices 
to share the same 
bus. 


The 
X25021 
also 
features 
two 
additional 
inputs 
that 
provide the end user with added flexibility. 
By asserting 
the HOLD input, the X25021 
will ignore transitions 
on its 
inputs, thus allowing 
the host to service 
higher 
priority 
interrupts. 
The WP input can be used as a hardwire 
input 
tothe X25021 disabling 
all write attempts, 
thus providing 
a mechanism 
for limiting 
end user capability 
of altering 
the memory. 


The X25021 
utilizes 
Xicor's 
proprietary 
Direct 
Write™ 
cell, providing 
a minimum 
endurance 
of 100,000 
cycles 
per byte and a minimum 
data retention 
of 100 years. 


so 


Sl 


SCK 
cs 


HOLD 


WRITE 
CONTROL 
AND 
TIMING 
LOGIC 


Direct Write™ 
and Block Lock™ 
Protection 
is a trademark 
of Xicor, Inc. 


©Xicor, 
Inc. 1995 
Palents 
Pending 
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PIN DESCRIPTIONS 


Serial 
Output 
(SO) 


SO is a push/pull 
serial data output 
pin. During 
a read 
cycle, data is shifted out on this pin. Data is clocked 
out 
by the rising edge of the serial clock. 


Serial 
Input (SI) 


SI is the serial 
data 
input 
pin. All opcodes, 
byte ad- 
dresses, 
and data to be written to the memory 
are input 
on this pin. Data is latched by the falling edge of the serial 
clock. 


Serial 
Clock 
(SCK) 


The Serial 
Clock controls 
the serial bus timing for data 
input and output. 
Opcodes, 
addresses, 
or data present 
on the SI pin are latched 
on the falling edge of the clock 
input, while data on the SO pin change 
after the rising 
edge of the clock 
input. 


Chip Select 
(CS) 


When CS is HIGH, the X25021 
is deselected 
and the SO 
output 
pin is at high impedance 
and unless 
an internal 
write operation 
is underway, 
the X25021 
will be in the 
standby 
power 
mode. 
CS LOW 
enables 
the X25021, 
placing 
it in the active 
power 
mode. 
It should 
be noted 
that after power-up, 
a HIGH to LOW transition 
on CS is 
required 
prior to the start of any operation. 


Write 
Protect 
(WP) 


When WP is LOW, nonvolatile 
writes to the X25021 
are 
disabled, 
but 
the 
part 
otherwise 
functions 
normally. 
When WP is held HIGH, all functions, 
including 
nonvola- 
tile writes operate 
normally. 
WP going LOW while CS is 
still 
LOW 
will 
interrupt 
a write 
to the 
X25021. 
If the 
internal write cycle has already 
been initiated, WP going 
LOW will have no affect on a write. 


Hold (HOLD) 


HOLD is used in conjunction 
with the CS pin to select the 
device. Once the part is selected and a serial sequence 
is 
underway, 
HOLD 
may 
be 
used 
to 
pause 
the 
serial 
communication 
with the controller 
without 
resetting 
the 
serial sequence. 
To pause, HOLD must be brought LOW 
while SCK is HIGH. To resume communication, 
HOLD is 
brought 
HIGH, again 
while SCK is HIGH. 
If the pause 
feature 
is not used, HOLD 
should 
be held HIGH at all 
times. 


DIP/SOle 


cs 
1 
8 
VCC 


SO 
2 
7 
HOLD 
X25021 
wp 
3 
6 
SCK 
VSS 
4 
5 
SI 


Symbol 
Description 


CS 
Chip Select 
Input 


SO 
Serial Output 


SI 
Serial 
Input 


SCK 
Serial Clock 
Input 


WP 
Write 
Protect 
Input 


Vss 
Ground 


Vcc 
Supply 
Voltage 


HOLD 
Hold Input 


PRINCIPLES 
OF OPERATION 


The X25021 is a 256 x 8 E2pROM designed to interface 
directly with the synchronous serial peripheral interface 
(SPI) of many popular microcontroller families. 


The X25021 contains an 8-bit instruction register. It is 
accessed via the SI input, with data being clocked in on 
the falling SCK. CS must be LOW during the entire 
operation. 


Table 1contains a list of the instructions and theircodes. 
All instructions, addresses and data are transferred 
MSB first. 


Data input is sampled on the first falling edge of SCK 
after CS goes LOW. SCK is static, allowing the user to 
stop the clock and then resume operations. If the clock 
line is shared with other peripheral devices on the SPI 
bus, the user can assert the HOLD input to place the 
X25021 into a"PAUSE" condition. After releasing HOLD, 
the X25021 will resume operation from the point when 
HOLD was first asserted. 


Write 
Enable 
Latch 


The X25021 contains a "write enable" latch. This latch 
must be SET before a write operation will be completed 
internally. The WREN instruction will set the latch and 
the WRDI instruction will reset the latch. This latch is 
automatically reset upon a power-up condition and after 
the completion of a byte, page, or status register write 
cycle. 


Status 
Register 


The RDSR instruction provides access to the status 
register. The status register may be read at any time, 
even during a write cycle. The status register is format- 
ted as follows: 


III 
BPOand BP1 are set by the WRSR instruction. WEL 
and WIP are read-only and automatically set by other 
operations. 


The Write-In-Process (WIP) bit indicates whether the 
X25021 is busy with a write operation. When set to a "1", 
a write is in progress, when set to a "0", no write is in 
progress. During a write, all other bits are set to "1". 


The Write Enable Latch (WEL) bit indicates the status of 
the "write enable" latch. When settoa "1", the latch isset, 
when set to a "0", the latch is reset. 


The Block Protect (BPOand BP1) bits are nonvolatile 
and allow the user to select one of four levels of protec- 
tion. The X25021 isdivided into four 1024-bit segments. 
One, two, or all four of the segments may be protected. 
That is, the user may read the segments but will be 
unable to alter (write) data within the selected segments. 
The partitioning is controlled as illustrated below. 


Status 
Register 
Bits 
Array 
Addresses 


BP1 
BPO 
Protected 


0 
0 
None 
0 
1 
$CD-$FF 
1 
0 
$8D-$FF 
1 
1 
$OD-$FF 


Instruction 
Name 
Instruction 
Format" 
Operation 
WREN 
0000 0110 
Set the Write Enable Latch (Enable Write Operations) 
WRDI 
0000 0100 
Reset the Write Enable Latch (Disable Write Operations) 
RDSR 
00000101 
Read Status Register 
WRSR 
00000001 
Write Status Register 
READ 
0000 0011 
Read Data from Memory Array beginning at selected address 
WRITE 
0000 0010 
Write Data to Memory Array beginning at Selected Address 
(1 to 32 Bytes) 


Clock and Data Timing 


Data input on the Siline is latched on the falling edge of 
SCK. Data is output on the SO line by the rising edge of 
SCK. 


Read Sequence 


When reading from the E2pROM memory array, CS is 
first pulled LOW to select the device. The 8-bit READ 
instruction istransmitted to the X25021, followed bythe 
8-bit address. After the READ opcode and address are 
sent, the data stored in the memory at the selected 
address is shifted out on the SO line. The data stored 
in memory at the next address can be read sequentially 
by continuing to provide clock pulses. The address is 
automatically incremented to the next higher address 
after each byte of data is shifted out. When the highest 
address is reached ($FF) the address counter rolls 
over to address $00 allowing the read cycle to be 
continued indefinitely. The read operation is termi- 
nated by taking CS HIGH. Refer to the read E2pROM 
array operation sequence illustrated in Figure 1. 


To read the status register, the CS line is first pulled 
LOW to select the device followed by the 8-bit RDSR 
instruction. After the read status register opcode is 
sent, the contents of the status register are shifted out 
on the SO line. Figure 2 illustrates the read status 
register sequence. 


Write Sequence 


Prior to any attempt to write data into the X25021, the 
"write enable" latch must first be set by issuing the 
WREN instruction (See Figure 3). CS isfirst taken LOW, 
then the WREN instruction is clocked into the X25021. 
After all eight bits of the instruction are transmitted, CS 
must then be taken HIGH. Ifthe user continues the write 
operation without taking CS HIGH after issuing the 
WREN instruction, the write operation will be ignored. 


To write data to the E2pROM memory array, the user 
issues the WRITE instruction, followed by the address 
and then the data to be written. This is minimally a 
twenty-four clock operation. CS must go LOW and 
remain LOW for the duration of the operation. The host 
may continue to write upto 4 bytes of data tothe X25021. 
The only restriction is the 4 bytes must reside on the 
same page. If the address counter reaches the end of 
the page and the clock continues, the counter will "roll 
over" to the first address of the page and overwrite any 
data that may have been written. 


For the write operation (byte or page write) to be 
completed, CS can only be brought HIGH after bit 0 of 
data byte Nisclocked in. If it isbrought HIGH at any other 
time the write operation will not be completed. Refer to 
Figures 4 and 5 below for a detailed illustration of the 
write sequences and time frames in which CS going 
HIGH are valid. 


To write to the status register, the WRSR instruction is 
followed by the data to be written. Data bits 0, 1, 4, 5, 6 
and 7 must be "0". Figure 6 illustrates this sequence. 


While the write is in progress following a status register 
or E2pROM write sequence, the status register may be 
readtocheckthe WIP bit. Duringthistimethe 
WIP bitwill 
be HIGH. 


Hold Operation 


The HOLD input should be HIGH (at VI H) under normal 
operation. If a data transfer is to be interrupted HOLD 
can be pulled LOWto suspend the transfer until itcan be 
resumed. The only restriction is the SCK input must be 
HIGH when HOLD is first pulled LOW and SCK must 
also be HIGH when HOLD is released. 


The HOLD input may be tied HIGH either directly to Vcc 
or tied to Vcc through a resistor. 


Operational Notes 


The X25021 powers-up in the following state: 


• The device is in the low power standby state. 


• A HIGH to LOW transition on CS is required to 


enter an active state and receive an instruction. 


• SO pin is high impedance. 


• The "write enable" latch is reset. 


Data Protection 


The following circuitry has been included to prevent 
inadvertent writes: 


• The "write enable" latch is reset upon power-up. 


• A WREN instruction must be issued to set the "write 


enable" latch. 


• CS must come HIGH at the proper clock count in 


order to start a write cycle. 


Figure 1. Read E2PROM Array Operation Sequence 


cs 


_______ 
~I 


01234567 
lJlJlJlJUUUlf 


_____________ 
r 


Figure 5. Page Write Operation Sequence 


cs 


____________ 
~I 


________ 
r 


• 


ABSOLUTE MAXIMUM RATINGS' 
Temperature 
under 
Bias 
-65°C 
to + 135°C 
Storage 
Temperature 
-65°C 
to +150°C 
Voltage on any Pin with Respect to VSS 
-1Vto+7V 
D.C. Output 
Current 
5mA 
Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Temp 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


'COMMENT 
Stresses 
above those listed under "Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 
the device at these or any other conditions 
above those 
listed in the operational 
sections of this specification 
is not 
implied. 
Exposure 
to absolute 
maximum 
rating 
condi- 
tions for extended 
periods 
may affect device 
reliability. 


Supply Voltage 
Limits 


X25021 
5V ±10% 


X25021-3 
3V to 5.5V 


X25021-2.7 
2.7 to 5.5V 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Ice 
Vee 
Supply 
Current 
(Active) 
3 
mA 
SCK=VeexO.1NeexO.9@ 
1MHz, 


SO = Open 


ISB 
Vcc 
Supply Current (Standby) 
150 
llA 
CS = Vee, 
VIN = VSS or Vee 
- 0.3V 


III 
Input Leakage 
Current 
10 
llA 
VIN = VSS to Vee 


ILa 
Output 
Leakage 
Current 
10 
llA 
VOUT = VSS to Vee 


VIL(1) 
Input LOW Voltage 
-1 
Vee 
x 0.3 
V 


VIH(1) 
Input HIGH Voltage 
Vee x 0.7 
Vee 
+ 0.5 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL= 
2mA 


VOH 
Output 
HIGH Voltage 
Vee-0.8 
V 
IOH = -1mA 


Symbol 
Parameter 
Min. 
Max. 
Units 


tPUR(2) 
Power-up 
to Read Operation 
1 
ms 


tpUW(2) 
Power-up 
to Write Operation 
5 
ms 


Symbol 
Test 
Max. 
Units 
Conditions 


COUT(2) 
Output 
Capacitance 
(SO) 
8 
pF 
VOUT= 
OV 


CIN(2) 
Input Capacitance 
(SCK, SI, CS, WP, HOLD) 
6 
pF 
VIN = OV 


Notes: 
(1) V'L min. and V,H max. are for reference only and are not tested. 
(2) This parameter 
is periodically sampled and not 100% tested. 


Input Pulse Levels 
VCCxO.1 
toVCCxO.9 


Input Rise and Fall Times 
10ns 


Input and Output Timing Level 
VCCxO.5 


r100PF 
• 


A.C. CHARACTERISTICS 
(Over recommended 
operating 
conditions, 
unless otherwise 
specified) 


Data Input Timing 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCK 
Clock Frequency 
0 
1 
MHz 


tCYC 
Cycle Time 
1000 
ns 


tLEAD 
CS Lead Time 
500 
ns 


tLAG 
CS Lag Time 
500 
ns 


tWH 
Clock HIGH Time 
400 
ns 


tWL 
Clock LOW Time 
400 
ns 


tsu 
Data Setup Time 
100 
ns 


tH 
Data Hold Time 
100 
ns 


tRI 
Data In Rise Time 
2 
~s 


tFI 
Data In Fall Time 
2 
~s 


tHD 
HOLD Setup Time 
200 
ns 


tCD 
HOLD 
Hold Time 
200 
ns 


tcs 
CS Deselect 
Time 
500 
ns 


tWC(4) 
Write Cycle Time 
10 
ms 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCK 
Clock Frequency 
0 
1 
MHz 


tDIS 
Output 
Disable 
Time 
500 
ns 


tv 
Output 
Valid from Clock LOW 
400 
ns 


tHO 
Output 
Hold Time 
0 
ns 


tRd3) 
Output 
Rise Time 
300 
ns 


tFO(3) 
Output 
Fall Time 
300 
ns 


tLZ 
HOLD 
HIGH to Output 
in Low Z 
100 
ns 


tHZ 
HOLD 
LOW to Output 
in High Z 
100 
ns 


Notes: 
(3) This parameter 
is periodically sampled and not 100% tested. 


(4) twc 
is the time from the rising edge of CS after a valid write sequence has been sent to the end of the self-timed 
internal 


nonvolatile write cycle. 


"I'DIS 


___ 
~X 
LSB OUT f---- 
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SYMBOL 
TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 
JlT 


May change 
Will change 


from LOW 
from LOW 
to HIGH 
to HIGH 


~ 


May change 
Will change 


from HIGH 
from HIGH 
to LOW 
to LOW 
XXXX 


Don't Care: 
Changing: 
Changes 
State Not 
Allowed 
Known 
" 


N/A 
Center Line 
is High 
Impedance 


X25021 
_T 


-v 


LVccLimits 
Blank = 5V ±1 0% 
3 = 3Vto 
5.5V 
2.7V = 2.7V to 5.5V 


Temperature 
Range 
Blank = Commercial 
= O°C to +70°C 
I = Industrial = -40°C 
to +85°C 
M = Military = -55°C 
to + 125°C 


Package 
P = 8-Lead 
Plastic 
DIP 
S = 8-Lead 
SOIC 
V = 8-Lead TSSOP 


x - 
Blank = 8-Lead 
SOIC 
P = 8-Lead 
Plastic 
DIP 
S = 8-Lead 
SOIC 
xL Blank = 5V ±10%, 
O°C to +70°C 
I = 5V ±1 0%, -40°C 
to +85°C 
D = 3V to 5.5V, O°C to +70°C 
E = 3V to 5.5V, -40°C 
to +85°C 
F = 2.7V to 5.5V, O°C to +70°C 
G = 2.7V to 5.5V, -40°C 
to + 85°C 


LIMITED WARRANTY 


Devices 
sold by Xicor. Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms of Sale only. Xicor, Inc. makes 
no warranty, 
express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent infringement. 


Xicor, Inc. makes no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 
prices at any time and without 
notice. 


Xicor, Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more at the following 
U.S. Patents: 4,263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 
4,450.402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 967; 4,883, 976. Foreign 
patents 
and 
additional 
patents 
pending. 


LIFE RELATED 
POLICY 


In situations 
where semiconductor 
component 
failure may endanger 
life, system designers 
using this product should design the system 
with appropriate 
error 
detection 
and correction, 
redundancy 
and back-up 
features 
to prevent such an occurence. 


Xicor's products 
are not authorized 
for use in critical components 
in life support devices or systems. 
1. Lite support 
devices 
or systems 
are devices 
or systems 
which, (a) are intended 
for surgical 
implant into the body, or (b) support 
or sustain 
life, and whose 


failure to perform, 
when proper1y used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 
injury to the user. 
2. A critical 
component 
is any component 
of a life support device or system whose failure to perlorm 
can be reasonably 
expected 
to cause the failure of the life 
support 
device 
or system, 
or to affect its safety or effectiveness. 


APPLICATION 
NOTES 


AVAILABLE 


AN9· AN18. 
AN31 • AN37· AN40 
iCIP 
® 


• 1MHz Clock Rate 
• SPI Modes (0,0 & 1,1) 
• 512X 8 Bits 


-4 
Byte Page Mode 
• Low Power CMOS 
-1501lA 
Standby Current 
-3mA 
Active Current 
• 2.7V To 5.5V Power Supply 
• Block Lock Protection 
-Protect 
1/4, 1/2 or all of E2PROM Array 
• Built-in Inadvertent 
Write Protection 
-Power-Up/Power-Down 
protection 
circuitry 
-Write 
Latch 
-Write 
Protect Pin 
• Self-Timed Write Cycle 
-5ms 
Write Cycle Time (Typical) 
• High Reliability 
-Endurance: 
100,000 cycles per byte 
-Data 
Retention: 
100 Years 
-ESD 
protection: 
2000V on all pins 
• 8-Pin Mini-DIP Package 
• 8-Lead SOIC Package 
• 8-Lead TSSOP 


DESCRIPTION 


The X25040 is a CMOS 4096-bit serial E2pROM, inter- 
nally organized as 512 x 8.The X25040 features a Serial 
Peripheral Interface (SPI) and software protocol allow- 
ing operation on a simple three-wire bus. The bus 
signals are a clock input (SCK) plus separate data in (SI) 
and data out (SO) lines. Access to the device is con- 
trolled through a chip select (CS) input, allowing any 
number of devices to share the same bus. • 


The X25040 also features two additional inputs that 
provide the end user with added fleXibility. By asserting 
the HOLD input, the X25040 will ignore transitions on its 
inputs, thus allowing the host to service higher priority 
interrupts. The WP input can be used as a hardwire input 
to the X25040 disabling all write attempts, thus providing 
a mechanism for limiting end user capability of altering 
the memory. 


The X25040 utilizes Xicor's proprietary Direct Write™ 
cell, providing a minimum endurance of 100,000 cycles 
per byte and a minimum data retention of 100 years. 


so 


Sl 


SCK 
cs 


HOLD 


WRITE 


CONTROL 
AND 
TIMING 
LOGIC 


Direct Write™ 
and Block 
Lock™ 
Protection 
is a trademarK 
of Xicor, Inc. 


CXicor. 
Inc. 1994, 
1995 
Patents 
Pending 
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PIN DESCRIPTIONS 


Serial Output (SO) 


SO is a push/pull 
serial data output 
pin. During a read 


cycle, data is shifted 
out on this pin. Data is clocked 
out 


by the falling 
edge of the serial clock. 


Serial Input (SI) 


SI is the 
serial 
data 
input 
pin. All opcodes, 
byte ad- 
dresses, 
and data to be written to the memory 
are input 


on this pin. Data is latched by the rising edge of the serial 
clock. 


Serial Clock (SCK) 


The Serial 
Clock controls 
the serial bus timing for data 
input and output. 
Opcodes, 
addresses, 
or data present 


on the SI pin are latched 
on the rising edge of the clock 


input, while data on the SO pin change 
after the falling 
edge of the clock 
input. 


Chip Select (CS) 


When CS is HIGH, the X25040 
is deselected 
and the SO 


output 
pin is at high impedance 
and unless 
an internal 


write operation 
is underway, 
the X25040 
will be in the 


standby 
power 
mode. 
CS LOW 
enables 
the X25040, 
placing 
it in the active 
power 
mode. 
It should 
be noted 
that after power-up, 
a HIGH to LOW transition 
on CS is 
required 
prior to the start of any operation. 


Write Protect (WP) 


When WP is LOW, nonvolatile 
writes to the X25040 
are 


disabled, 
but 
the 
part 
otherwise 
functions 
normally. 
When WP is held HIGH, all functions, 
including 
nonvola- 
tile writes operate 
normally. 
WP going LOW while CS is 


still 
LOW 
will 
interrupt 
a write 
to the 
X25040. 
If the 
internal write cycle has already 
been initiated, WP going 
LOW will have no affect on a write. 


Hold (HOLD) 


HOLD is used in conjunction 
with the CS pin to select the 


device. Once the part is selected 
and a serial sequence 
is 


underway, 
HOLD 
may 
be 
used 
to 
pause 
the 
serial 


communication 
with the controller 
without 
resetting 
the 


serial sequence. 
To pause, HOLD must be brought LOW 


while SCK is LOW. To resume communication, 
HOLD is 


brought 
HIGH, 
again 
while 
SCK 
is LOW. 
If the pause 


feature 
is not used, HOLD 
should 
be held HIGH 
at all 


times. 


DIP/sOle 


cs 
1 
8 
Vcc 
50 
2 
X25040 
7 
HOLD 
wp 
3 
6 
5CK 


V55 
4 
5 
51 


6451 
FHD 
F02.1 


Symbol 
Description 


CS 
Chip Select 
Input 


SO 
Serial Output 


SI 
Serial 
Input 


SCK 
Serial Clock 
Input 


WP 
Write 
Protect 
Input 


Vss 
Ground 


Vcc 
Supply 
Voltage 


HOLD 
Hold Input 


PRINCIPLES 
OF OPERATION 


The X25040 
is a 512 x 8 E2pROM 
designed 
to interface 
directly 
with the synchronous 
serial peripheral 
interface 


(SPI) of many 
popular 
microcontroller 
families. 


The X25040 
contains 
an 8-bit instruction 
register. 
It is 


accessed 
via the SI input, with data being clocked 
in on 


the rising SCK. CS must be LOW and the HOLD and WP 
inputs 
must be HIGH during the entire operation. 


Table 
1 contains 
a list 
of the 
instructions 
and 
their 


opcodes. 
All instructions, 
addresses 
and data are trans- 


ferred 
MSB first. 


Data input is sampled 
on the first rising edge of SCK after 


CS goes LOW. 
SCK is static, allowing 
the user to stop 


the clock and then resume operations. 
If the clock line is 


shared with other peripheral 
devices 
on the SPI bus, the 
user can assert the HOLD input to place the X25040 
into 


a "PAUSE" 
condition. 
After releasing 
HOLD, the X25040 


will resume 
operation 
from the point when 
HOLD was 
first asserted. 


Write 
Enable 
Latch 


The X25040 
contains 
a "write enable" 
latch. This latch 


must be SET before a write operation 
will be completed 


internally. 
The WREN 
instruction 
will set the latch and 


the WRDI 
instruction 
will reset the latch. This latch 
is 


automatically 
reset upon a power-up 
condition 
and after 


the completion 
of a byte, page, or status 
register 
write 


cycle. 


Status 
Register 


The 
RDSR 
instruction 
provides 
access 
to the 
status 


register, 
The status 
register 
may be read at any time, 


even during a write cycle. The status 
register 
is format- 


ted as follows: 


BPO and BP1 are set by the WRSR 
instruction. 
WEL 
and WIP are read-only 
and automatically 
set by other 


operations. 


The Write-In-Process 
(WIP) 
bit indicates 
whether 
the 


X25040 
is busy with a write operation. 
When set to a "1", 


a write 
is in progress, 
when 
set to a "0", no write 
is in 
progress. 
During a write, all other bits are set to "1". 


The Write Enable Latch (WEL) bit indicates 
the status of 


the "write enable" latch. When set to a "1", the latch is set, 
when set to a "0", the latch is reset. 


The Block 
Protect 
(BPO and BP1) 
bits are nonvolatile 


and allow the user to select one of four levels of protec- 
tion. The X25040 
is divided 
into four 1024-bit segments. 


One, two, or all four of the segments 
may be protected. 


That 
is, the user 
may 
read the segments 
but will be 


unable to alter (write) data within the selected 
segments. 


The partitioning 
is controlled 
as illustrated 
below. 


Status 
Register 
Bits 
Array 
Addresses 


BP1 
BPO 
Protected 


0 
a 
None 


0 
1 
$180-$1FF 


1 
0 
$1 00-$1 FF 


1 
1 
$00o-$1FF 


Instruction 
Name 
Instruction 
Format> 
Operation 


WREN 
. 
0000 
0110 
Set the Write 
Enable 
Latch (Enable 
Write Operations) 


WRDI 
0000 
0100 
Reset the Write 
Enable 
Latch (Disable 
Write Operations) 


RDSR 
0000 0101 
Read Status 
Register 


WRSR 
0000 0001 
Write Status 
Register 


READ 
0000 
As011 
Read Data from Memory 
Array beginning 
at selected 
address 


WRITE 
0000 
As010 
Write 
Data to Memory 
Array beginning 
at Selected 
Address 
(1 to 32 Bytes) 


Clock and Data Timing 


Data input on the Slline is latched on the rising edge of 
SCK. Data is output on the SO line by the falling edge of 
SCK. 


Read Sequence 


When reading from the E2pROM memory array, CS is 
first pulled LOW to select the device. The 8-bit READ 
instruction istransmitted to the X25040, followed bythe 
8-bit address. Bit 3 of the Read Data instruction con- 
tains address As. This bit is used to select the upper or 
lower half of the address. After the READ opcode and 
address are sent, the data stored in the memory at the 
selected address is shifted out on the SO line. The data 
stored in memory at the next address can be read 
sequentially by continuing to provide clock pulses. The 
address isautomatically incremented to the next higher 
address after each byte of data is shifted out. When the 
highest address is reached ($1FF) the address counter 
rolls over to address $000 allowing the read cycle to be 
continued indefinitely. The read operation is termi- 
nated by taking CS HIGH. Refer to the read E2pROM 
array operation sequence illustrated in Figure 1. 


To read the status register, the CS line is first pUlled 
LOW to select the device followed by the 8-bit RDSR 
instruction. After the read status register opcode is 
sent, the contents of the status register are shifted out 
on the SO line. Figure 2 illustrates the read status 
register sequence. 


Write Sequence 


Prior to any attempt to write data into the X25040, 
the 


"write enable" latch must first be set by issuing the 
WREN instruction (See Figure 3). CS isfirst taken LOW, 
then the WREN instruction is clocked into the X25040. 
After all eight bits of the instruction are transmitted, CS 
must then be taken HIGH. Ifthe user continues the write 
operation without taking CS HIGH after issuing the 
WREN instruction, the write operation will be ignored. 


To write data to the E2pROM memory array, the user 
issues the WRITE instruction, followed by the address 
and then the data to be written. This is minimally a 
twenty-four clock operation. CS must go LOW and 
remain LOW for the duration of the operation. The host 
may continue to write upto 4 bytes of data to the X25040. 
The only restriction is the 4 bytes must reside on the 
same page. If the address counter reaches the end of 
the page and the clock continues, the counter will "roll 
over" to the first address of the page and overwrite any 
data that may have been written. 


For the write operation (byte or page write) to be 
completed, CS can only be brought HIGH after bit 0 of 
data byte N isclocked in. Ifit isbrought HIGH atanyother 
time the write operation will not be completed. Refer to 
Figures 4 and 5 below for a detailed illustration of the 
write sequences and time frames in which CS going 
HIGH are valid. 


To write to the status register, the WRSR instruction is 
followed by the data to be written. Data bits 0, 1, 4, 5, 6 
and 7 must be "0". Figure 6 illustrates this sequence. 


While the write is in progress following a status register 
or E2PROMwrite sequence, the status register may be 
readto check the WIPbit. During this time the WIP bitwill 
be HIGH. 


Hold Operation 


The HOLD input should be HIGH (at VI H) under normal 
operation. If a data transfer is to be interrupted HOLD 
can be pulled LOW to suspend the transfer until it can be 
resumed. The only restriction is the SCK input must be 
LOWwhen HOLD isfirst pulled LOW and SCK must also 
be LOW when HOLD is released. 


The HOLD input may betied HIGH either directly to Vcc 
or tied to Vcc through a resistor. 


Operational Notes 


The X25040 powers-up in the following state: 


• The device is in the low power standby state. 


• A HIGH to LOW transition on CS is required to 


enter an active state and receive an instruction. 


• SO pin is high impedance. 


• The "write enable" latch is reset. 


Figure 1. Read E2PROM Array Operation Sequence 


cs 


Data Protection 


The following circuitry has been included to prevent 
inadvertent writes: 


• The "write enable" latch is reset upon power-up. 


• A WREN instruction must be issued to set the "write 


enable" latch. 


• CS must come HIGH at the proper clock count in 
order to start a write cycle. 
• 


_______ 
~I 


CS 
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/ 
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Figure 
4. 
Byte Write 
Operation 
Sequence 


CS 
------- 
~I 


9TH BIT OF ADDRESS 


HIGH IMPEDANCE 


Figure 
5. 
Page Write 
Operation 
Sequence 


cs 
• 


____________ 
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Figure 
6. 
Write 
Status 
Register 
Operation 
Sequence 
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ABSOLUTE 
MAXIMUM 
RATINGS* 
Temperature 
under 
Bias 
-65°C 
to +135°C 
Storage 
Temperature 
-65°C 
to +150°C 
Voltage on any Pin with Respect to VSS 
-1Vto+7V 
D.C. Output 
Current 
5mA 
Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Temp 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


*COMMENT 
Stresses 
above those listed under "Absolute 
Maximum 


Ratings" 
may cause permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 
listed in the operational 
sections 
of this specification 
is 
not implied. 
Exposure 
to absolute 
maximum 
rating con- 


ditions for extended 
periods may affect device reliability. 


Supply 
Voltage 
Limits 


X25040 
5V±10% 


X25040-3 
3V to 5.5V 


X25040-2.7 
2.7 to 5.5V 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test 
Conditions 


ICC 
Vcc 
Supply 
Current 
(Active) 
3 
mA 
SCK = Vcc 
x 0.1Ncc x 0.9 @ 1MHz, 


SO = Open 


ISB 
Vcc 
Supply Current (Standby) 
150 
J.lA 
CS = VCC. 
VIN = VSS or VCC - 0.3V 


III 
Input Leakage 
Current 
10 
J.lA 
VIN = VSS to VCC 


ILO 
Output 
Leakage 
Current 
10 
J.lA 
VOUT = VSS to VCC 


VIL(1) 
Input LOW Voltage 
-1 
VCCx 
0.3 
V 


VIH(1) 
Input HIGH Voltage 
Vcc 
x 0.7 
Vcc 
+ 0.5 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL = 2mA 


VOH 
Output 
HIGH Voltage 
VCC-0.8 
V 
IOH =-1mA 


Symbol 
Parameter 
Min. 
Max. 
Units 


tPUR(2) 
Power-up 
to Read Operation 
1 
ms 


tpUW(2) 
Power-up 
to Write Operation 
5 
ms 


Symbol 
Test 
Max. 
Units 
Conditions 


COUT(2) 
Output 
Capacitance 
(SO) 
8 
pF 
VOUT= 
OV 


CIN(2) 
Input Capacitance 
(SCK. SI, CS, WP, HOLD) 
6 
pF 
VIN = OV 


Notes: 
(1) V1L min. and V1H max. are for reference only and are not tested. 
(2) This parameter is periodically sampled and not 100% tested. 


Input Pulse Levels 
VCCxO.1 
toVCCxO.9 


Input Rise and Fall Times 
10ns 


Input and Output Timing Level 
VCCxO.5 


A.C. CHARACTERISTICS 
(Over recommended 
operating 
conditions, 
unless otherwise 
specified) 


Data Input 
Timing 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCK 
Clock Frequency 
0 
1 
MHz 


tCYC 
Cycle Time 
1000 
ns 


tlEAO 
CS Lead Time 
500 
ns 


tlAG 
CS Lag Time 
500 
ns 


tWH 
Clock HIGH Time 
400 
ns 


tWl 
Clock LOW Time 
400 
ns 


tsu 
Data Setup Time 
100 
ns 


tH 
Data Hold Time 
100 
ns 


tRI 
Data In Rise Time 
2 
IJ.s 


tFI 
Data In Fall Time 
2 
IJ.s 


tHO 
HOLD Setup Time 
200 
ns 


tco 
HOLD 
Hold Time 
200 
ns 


tcs 
CS Deselect 
Time 
500 
ns 
twet4) 
Write Cycle Time 
10 
ms 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCK 
Clock Frequency 
0 
1 
MHz 


tOIS 
Output 
Disable 
Time 
500 
ns 


tv 
Output 
Valid from Clock LOW 
400 
ns 


tHO 
Output 
Hold Time 
0 
ns 


tRO(3) 
Output 
Rise Time 
300 
ns 


tFO(3) 
Output 
Fall Time 
300 
ns 


tlZ 
HOLD 
HIGH to Output 
in Low Z 
100 
ns 


tHZ 
HOLD 
LOW to Output 
in High Z 
100 
ns 


Notes: 
(3) This parameter 
is periodically sampled and not 100% tested. 
(4) twc 
is the time from the rising edge of CS after a valid write sequence has been sent to the end of the self-timed internal 


nonvolatile 
write cycle. 
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III 


X25040 
_T 


-v 


LVccLimits 
Blank = 5V ±1 0% 
3 = 3Vto 
5.5V 
2.7V = 2.7V to 5.5V 


Temperature 
Range 
Blank = Commercial 
= O°C to +70°C 
I = Industrial 
= --40°C to +85°C 


M = Military 
= -55°C 
to + 125°C 


Package 
P = 8-Lead 
Plastic 
DIP 
S = 8-Lead 
SOIC 
V = 8-Lead TSSOP 


x - 
Blank = 8-Lead 
SOIC 
P = 8-Lead 
Plastic 
DIP 
S = 8-Lead 
SOIC 
xLBlank = 5V ±10%, 
O°C to +70°C 
I = 5V ±1 0%, --40°C to +85°C 
D = 3V to 5.5V, O°C to +70°C 
E = 3V to 5.5V, -40°C 
to +85°C 
F = 2.7V to 5.5V, O°C to +70°C 
G = 2.7V to 5.5V, --40°C to +85°C 


LIMITED WARRANTY 


Devices 
sold by Xicor, Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms of Sale only. Xicor, 
Inc. makes 
no warranty, 
express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent 
infringement. 


Xicor, Inc. makes no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, Inc. reserves the right to discontinue 
production 
and change 
specifications 
and 
prices at any time and without 
notice. 


Xicor, Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4,263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 


4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 967; 4,883, 976. Foreign 
patents 
and 
additional 
patents 
pending. 


LIFE RELATED 
POLICY 


In situations 
where semiconductor 
component 
failure may endanger 
life, system designers 
using this product should design the system 
with appropriate 
error 
detection 
and correction, 
redundancy 
and back-up 
features 
to prevent 
such an occurence. 


Xicor's products 
are not authorized 
for use in critical components 
in life support devices 
or systems. 
1. Life support 
devices 
or systems 
are devices 
or systems 
which, (a) are intended 
for surgical 
implant into the body, or (b) support 
or sustain 
life. and whose 


failure to perform, 
when proper1y used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 
injury to the user. 


2. A critical component 
is any component 
of a life support device or system whose failure to perform can be reasonably 
expected 
to cause the failure of the life 


support 
device 
or system, 
or to affect its safety or effectiveness. 


• 1MHz Clock Rate 
• SPI Modes (0,1 & 1,0) 
• 512 X 8 Bits 


-4 Byte Page Mode 


• Low Power CMOS 


-150j.iA 
Standby Current 


-3mA 
Active Current 


• 2.7V To 5.5V Power Supply 
• Block Lock Protection 


-Protect 
1/4, 1/2 or all of E2pROM Array 


• Built-in Inadvertent 
Write Protection 


-Power-Up/Power-Down 
protection 
circuitry 


-Write 
Latch 


-Write 
Protect Pin 


• Self-Timed Write Cycle 


-5ms 
Write Cycle Time (Typical) 


• High Reliability 


-Endurance: 
100,000 cycles per byte 


-Data 
Retention: 
100 Years 


-ESD 
protection: 
2000V on all pins 


• 8-Pin Mini-DIP Package 
• 8-Lead SOIC Package 
• 8-Lead TSSOP 


DESCRIPTION 


The X25041 is a CMOS 4096-bit serial E2pROM, inter- 
nally organized as 512 x 8. The X25041 features a Serial 
Peripheral Interface (SPI) and software protocol allow- 
ing operation on a simple three-wire bus. The bus 
signals are a clock input (SCK) plus separate data in (SI) 
and data out (SO) lines. Access to the device is con- 
trolled through a chip select (CS) input, allowing any 
number of devices to share the same bus. • 


The X25041 also features two additional inputs that 
provide the end user with added flexibility. By asserting 
the HOLD input, the X25041 will ignore transitions on its 
inputs, thus allowing the host to service higher priority 
interrupts. The WP input can be used as a hardwire input 
to the X25041 disabling all write attempts, thus providing 
a mechanism for limiting end user capability of altering 
the memory. 


The X25041 utilizes Xicor's proprietary Direct Write™ 
cell, providing a minimum endurance of 100,000 cycles 
per byte and a minimum data retention of 100 years. 


so 


Sl 


SCK 
cs 


HOLD 


Direct WriteT'" 
and Block Lock™ 
Protection 
is a trademark 
of Xicor, Inc. 


@Xicor, 
Inc. 1995 
Patents 
Pending 
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PIN DESCRIPTIONS 


Serial 
Output 
(SO) 


SO is a push/pull 
serial data output 
pin. During 
a read 
cycle, data is shifted out on this pin. Data is clocked 
out 
by the rising edge of the serial clock. 


Serial 
Input (SI) 


SI is the serial 
data 
input 
pin. All opcodes, 
byte ad- 
dresses, 
and data to be written to the memory 
are input 
on this pin. Data is latched by the falling edge of the serial 
clock. 


Serial 
Clock 
(SCK) 


The Serial 
Clock controls 
the serial bus timing for data 
input and output. 
Opcodes, 
addresses, 
or data present 
on the SI pin are latched 
on the falling edge of the clock 
input, while 
data on the SO pin change 
after the rising 
edge of the clock 
input. 


Chip Select 
(CS) 


When CS is HIGH, the X25041 
is deselected 
and the SO 


output 
pin is at high impedance 
and unless an internal 
write operation 
is underway, 
the X25041 
will be in the 
standby 
power 
mode. 
CS LOW 
enables 
the X25041, 
placing 
it in the active 
power 
mode. 
It should 
be noted 
that after power-up, 
a HIGH to LOW transition 
on CS is 
required 
prior to the start of any operation. 


Write 
Protect 
(WP) 


When WP is LOW, nonvolatile 
writes to the X25041 
are 
disabled, 
but 
the 
part 
otherwise 
functions 
normally. 


When WP is held HIGH, all functions, 
including 
nonvola- 
tile writes operate 
normally. 
WP going LOW while CS is 


still 
LOW 
will 
interrupt 
a write 
to the 
X25041. 
If the 
internal write cycle has already 
been initiated, 
WP going 
LOW will have no affect on a write. 


Hold (HOLD) 


HOLD is used in conjunction 
with the CS pin to select the 
device. Once the part is selected and a serial sequence 
is 
underway, 
HOLD 
may 
be 
used 
to 
pause 
the 
serial 


communication 
with the controller 
without 
resetting 
the 
serial sequence. 
To pause, HOLD must be brought LOW 
while SCK is HIGH. To resume communication, 
HOLD is 
brought 
HIGH, 
again while 
SCK is HIGH. 
If the pause 
feature 
is not used, HOLD 
should 
be held HIGH 
at all 
times. 


DIP/SOle 


cs 
1 
8 
vCC 
SO 
2 
7 
HOLD 
X25041 
WP 
3 
6 
SCK 
vSS 
4 
5 
SI 


Symbol 
Description 


CS 
Chip Select 
Input 


SO 
Serial Output 


SI 
Serial 
Input 


SCK 
Serial Clock 
Input 


WP 
Write 
Protect 
Input 


Vss 
Ground 


Vcc 
Supply 
Voltage 


HOLD 
Hold Input 


PRINCIPLES OF OPERATION 


The X25041 is a 512 x 8 E2pROM designed to interface 
directly with the synchronous serial peripheral interface 
(SPI) of many popular microcontroller families. 


The X25041 contains an 8-bit instruction register. It is 
accessed via the SI input, with data being clocked in on 
the falling SCK. CS must be LOW during the entire 
operation. 


Table 1contains a list of the instructions and their codes. 
All instructions, addresses and data are transferred 
MSB first. 


Data input is sampled on the first falling edge of SCK 
after CS goes LOW. SCK is static, allowing the user to 
stop the clock and then resume operations. If the clock 
line is shared with other peripheral devices on the SPI 
bus, the user can assert the HOLD input to place the 
X25041 into a "PAUSE" condition. After releasing HOLD, 
the X25041 will resume operation from the point when 
HOLD was first asserted. 


Write Enable Latch 


The X25041 contains a "write enable" latch. This latch 
must be SET before a write operation will be completed 
internally. The WREN instruction will set the latch and 
the WRDI instruction will reset the latch. This latch is 
automatically reset upon a power-up condition and after 
the completion of a byte, page, or status register write 
cycle. 


Status Register 


The RDSR instruction provides access to the status 
register. The status register may be read at any time, 
even during a write cycle. The status register is format- 
ted as follows: 


-- 


BPOand BP1 are set by the WRSR instruction. WEL 
and WIP are read-only and automatically set by other 
operations. 


The Write-In-Process (WIP) bit indicates whether the 
X25041 is busy with a write operation. When set to a "1", 
a write is in progress, when set to a "0", no write is in 
progress. During a write, all other bits are set to "1". 


The Write Enable Latch (WEL) bit indicates the status of 
the "write enable" latch. When set to a "1", the latch isset, 
when set to a "0", the latch is reset. 


The Block Protect (BPO and BP1) bits are nonvolatile 
and allow the user to select one of four levels of protec- 
tion. The X25041 is divided into four 1024-bit segments. 
One, two, or all four of the segments may be protected. 
That is, the user may read the segments but will be 
unable to alter (write) data within the selected segments. 
The partitioning is controlled as illustrated below. 


Status Register Bits 
Array Addresses 
BP1 
BPO 
Protected 


0 
0 
None 
0 
1 
$180-$1FF 
1 
0 
$100-$1 FF 
1 
1 
$000-$1FF 


Instruction 
Name 
Instruction 
Format' 
Operation 


WREN 
0000 0110 
Set the Write Enable Latch (Enable Write Operations) 
WRDI 
0000 0100 
Reset the Write Enable Latch (Disable Write Operations) 
RDSR 
00000101 
Read Status Register 
WRSR 
00000001 
Write Status Register 
READ 
0000 AA011 
Read Data from Memory Array beginning at selected address 


WRITE 
0000 As010 
Write Data to Memory Array beginning at Selected Address 
(1 to 32 Bytes) 


Clock and Data Timing 


Data input on the Siline 
is latched 
on the falling edge of 
SCK. Data is output on the SO line by the rising edge of 
SCK. 


Read Sequence 


When 
reading 
from the E2pROM 
memory 
array, CS is 
first pulled 
LOW to select 
the device. 
The 8-bit READ 
instruction 
is transmitted 
tothe 
X25041, 
followed 
by the 
8-bit address. 
Bit 3 of the Read 
Data instruction 
con- 
tains address 
As. This bit is used to select the upper or 
lower half of the address. 
After the READ opcode 
and 
address 
are sent, the data stored 
in the memory 
at the 
selected 
address 
is shifted out on the SO line. The data 
stored 
in memory 
at the 
next 
address 
can 
be read 
sequentially 
by continuing 
to provide 
clock pulses. 
The 
address 
is automatically 
incremented 
to the next higher 
address 
after each byte of data is shifted out. When the 
highest address 
is reached 
($1 FF) the address 
counter 
rolls over to address 
$000 allowing 
the read cycle to be 
continued 
indefinitely. 
The 
read 
operation 
is termi- 
nated 
by taking 
CS HIGH. 
Refer to the read E2pROM 
array 
operation 
sequence 
illustrated 
in Figure 
1. 


To read the status 
register, 
the CS line is first pulled 
LOW to select 
the device 
followed 
by the 8-bit RDSR 
instruction. 
After 
the 
read 
status 
register 
opcode 
is 
sent, the contents 
of the status 
register 
are shifted 
out 
on the 
SO 
line. 
Figure 
2 illustrates 
the 
read 
status 
register 
sequence. 


Write Sequence 


Prior to any attempt 
to write data into the X25041, 
the 


"write 
enable" 
latch 
must 
first 
be set 
by issuing 
the 
WREN 
instruction 
(See Figure 3). CS is first taken LOW, 
then the WREN 
instruction 
is clocked 
into the X25041. 
After all eight bits of the instruction 
are transmitted, 
CS 
must then be taken HIGH. If the user continues 
the write 
operation 
without 
taking 
CS 
HIGH 
after 
issuing 
the 
WREN 
instruction, 
the write operation 
will be ignored. 


To write 
data to the E2pROM 
memory 
array, 
the user 
issues the WRITE 
instruction, 
followed 
by the address 
and 
then 
the 
data 
to be written. 
This 
is minimally 
a 
twenty-four 
clock 
operation. 
CS 
must 
go 
LOW 
and 
remain 
LOW for the duration 
of the operation. 
The host 
may continue 
to write up to 4 bytes of data to the X25041. 


The only 
restriction 
is the 4 bytes 
must 
reside 
on the 
same 
page. 
If the address 
counter 
reaches 
the end of 
the page and the clock continues, 
the counter 
will "roll 
over" to the first address 
of the page and overwrite 
any 
data that may have been written. 


For 
the 
write 
operation 
(byte 
or 
page 
write) 
to 
be 
completed, 
CS can only be brought 
HIGH after bit 0 of 
data byte N isclocked 
in. If it is brought HIGH atanyother 
time the write operation 
will not be completed. 
Refer to 
Figures 
4 and 5 below for a detailed 
illustration 
of the 
write 
sequences 
and time 
frames 
in which 
CS going 
HIGH are valid. 


To write to the status register, 
the WRSR 
instruction 
is 
followed 
by the data to be written. 
Data bits 0, 1, 4, 5, 6 
and 7 must be "0". Figure 6 illustrates 
this sequence. 


While the write is in progress 
following 
a status 
register 
or E2pROM 
write sequence, 
the status 
register 
may be 
read to check the WIP bit. Duringthistimethe 
WIP bit will 
be HIGH. 


Hold Operation 


The HOLD input should 
be HIGH (at VI H) under normal 
operation. 
If a data transfer 
is to be interrupted 
HOLD 
can be pulled LOW to suspend 
the transfer 
until it can be 
resumed. 
The only restriction 
is the SCK input must be 
HIGH when 
HOLD 
is first pulled 
LOW 
and SCK 
must 
also be HIGH when HOLD 
is released. 


The HOLD input may be tied HIGH either directly 
to Vcc 


or tied to Vcc through 
a resistor. 


Operational 
Notes 


The X25041 powers-up in the following state: 


• The device is in the low power standby state. 


• A HIGH to LOW transition on CS is required to 


enter an active state and receive an instruction. 


• SO pin is high impedance. 


• The "write enable" latch is reset. 


Data Protection 


The following circuitry has been included to prevent 
inadvertent writes: 


• The "write enable" latch is reset upon power-up. 


• A WREN instruction must be issued to set the "write 


enable" latch. 


• CS must come HIGH at the proper clock count in 


order to start a write cycle. 
-- 


________ 
1 


CS 
\ 
/ 


01234567 


~ 


____________ 
r 


9TH BIT OF ADDRESS 


HIGH IMPEDANCE 


t 
9TH BIT OF ADDRESS 


_____________ 
~I 


_______ 
~r 
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ABSOLUTE MAXIMUM RATINGS· 
Temperature 
under 
Bias 
-65°C 
to + 135°C 


Storage 
Temperature 
-65°C 
to + 150°C 


Voltage on any Pin with Respect to VSS 
-1Vto+7V 


D.C. Output 
Current 
5mA 


Lead Temperature 


(Soldering, 
10 seconds) 
300°C 


Temp 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


·COMMENT 
Stresses 
above those listed under "Absolute 
Maximum 


Ratings" 
may cause permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 
the device at these or any other conditions 
above those 


listed in the operational 
sections of this specification 
is not 


implied. 
Exposure 
to absolute 
maximum 
rating 
condi- 


tions for extended 
periods 
may affect device 
reliability. 


Supply Voltage 
Limits 


X25041 
5V±10% 


X25041-3 
3Vto 
5.5V 


X25041-2.7 
2.7 to 5.5V 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


ICC 
Vcc 
Supply 
Current 
(Active) 
3 
mA 
SCK = Vcc 
x 0.1Ncc x 0.9 
@ 1MHz, 


SO = Open 


19B 
Vcc 
Supply Current (Standby) 
150 
JlA 
CS = VCC, 
VIN = VSS or VCC - 0.3V 


III 
Input Leakage 
Current 
10 
JlA 
VIN = VSS to VCC 


ILO 
Output 
Leakage 
Current 
10 
JlA 
VOUT = VSS to VCC 


VIL(1) 
Input LOW Voltage 
-1 
VCC x 0.3 
V 


VIHP) 
Input HIGH Voltage 
VCC x 0.7 
VCC + 0.5 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL= 
2mA 


VOH 
Output 
HIGH Voltage 
VCC-o·8 
V 
IOH = -1mA 


Symbol 
Parameter 
Min. 
Max. 
Units 


tPUR(2) 
Power-up 
to Read Operation 
1 
ms 


tpUW(2) 
Power-up 
to Write Operation 
5 
ms 


Symbol 
Test 
Max. 
Units 
Conditions 


COUT(2) 
Output 
Capacitance 
(SO) 
8 
pF 
VOUT=OV 


CIN(2) 
Input Capacitance 
(SCK, SI, CS, WP, HOLD) 
6 
pF 
VIN = OV 


Notes: 
(1) V'L min. and V'H max. are for reference only and are not tested. 
(2) This parameter 
is periodically sampled and not 100% tested. 


Input Pulse Levels 
VCCxO.1 toVcCxO.9 


Input Rise and Fall Times 
10ns 


Input and Output Timing Level 
VCCxO.5 • 


A.C. CHARACTERISTICS (Over recommended 
operating 
conditions, 
unless 
otherwise 
specified) 


Data Input Timing 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCK 
Clock 
Frequency 
0 
1 
MHz 


tCYC 
Cycle Time 
1000 
ns 


tlEAD 
CS Lead Time 
500 
ns 


tlAG 
CS Lag Time 
500 
ns 


tWH 
Clock HIGH Time 
400 
ns 


tWl 
Clock LOW Time 
400 
ns 


tsu 
Data Setup Time 
100 
ns 


tH 
Data Hold Time 
100 
ns 


tRI 
Data In Rise Time 
2 
Ils 


tFI 
Data In Fall Time 
2 
Ils 


tHD 
HOLD Setup Time 
200 
ns 


tCD 
HOLD Hold Time 
200 
ns 


tcs 
CS Deselect 
Time 
500 
ns 
twet4) 
Write Cycle Time 
10 
ms 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCK 
Clock 
Frequency 
0 
1 
MHz 


tDIS 
Output 
Disable 
Time 
500 
ns 


tv 
Output 
Valid from Clock LOW 
400 
ns 


tHO 
Output 
Hold Time 
0 
ns 


tRo\3) 
Output 
Rise Time 
300 
ns 


tFO(3) 
Output 
Fall Time 
300 
ns 


tlZ 
HOLD 
HIGH to Output 
in Low Z 
100 
ns 


tHZ 
HOLD 
LOW to Output 
in High Z 
100 
ns 


Notes: 
(3) This parameter 
is periodically sampled and not 100% tested. 


(4) \WC is the time from the rising edge of CS after a valid write sequence has been sent to the end of the self-timed internal 
nonvolatile 
write cycle. 


»)))))))))))))))))))!)))))))))))))))))))) 
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HOLD 


6556 
FHO F11 


SYMBOL 
TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 


steady 
steady 


JlT 


May change 
Will change 
from LOW 
from LOW 
10HIGH 
to HIGH 


~ 


May change 
Will change 


from HIGH 
from HIGH 
to LOW 
to LOW 


"IX!X 


Don't Care: 
Changing: 


Changes 
Stale Not 
Allowed 
Known 
H 


N/A 
Center Line 
is High 
Impedance 


X25041T 


-Y 


LYccLimits 
Blank = 5V ±1 0% 
3 = 3Vto 
5.5V 
2.7V = 2.7V to 5.5V 


'--~~-Temperature 
Range 
Blank = Commercial 
= O°C to +70°C 


I = Industrial = -40°C 
to +85°C 


M = Military = -55°C 
to + 125°C 


Package 
P = 8-Lead 
Plastic 
DIP 
S = 8-Lead 
SOIC 
V = 8-Lead 
TSSOP 


x - 
Blank = 8-Lead 
SOIC 
P = 8-Lead 
Plastic 
DIP 
S = 8-Lead 
SOIC 
xL Blank = 5V ±1 0%, O°C to +70°C 
I = 5V ±1 0%, -40°C 
to +85°C 
D = 3V to 5.5V, O°C to +70°C 
E = 3V to 5.5V, -40°C 
to +85°C 
F = 2.7V to 5.5V, O°C to +70°C 
G = 2.7V to 5.5V, -40°C 
to + 85°C 


LIMITED WARRANTY 


Devices 
sold by Xicor, 
Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms of Sale only. Xicor, Inc. makes no warranty, 


express, 
statutory, 
implied, 
or by description 
regarding 
the infonnation 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent infringement. 


Xicor, Inc. makes no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, Inc. reserves the right to discontinue 
production 
and change 
specifications 
and 
prices at any time and without 
notice. 


XiCOf, Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are 


implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4,263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 


4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 967; 4,683, 976. Foreign 
patents 
and 
additional 
patents 
pending. 


LIFE RELATED 
POLICY 


In situations 
where semiconductor 
component 
failure may endanger 
life, system designers 
using this product should design the system 
with appropriate 
error 
detection 
and correction, 
redundancy 
and back-Up features 
to prevent such an occurence. 


Xicor's products 
are not authorized 
for use in critical components 
in life support devices or systems. 


1. Life support 
devices 
or systems 
are devices 
or systems 
which, (a) are intended 
for surgical 
implant into the bcdy, or (b) support 
or sustain 
life, and whose 
failure to perform, 
when property 
used in accordance 
with instructions 
for use provided 
in the iabeling, 
can be reasonably 
expected 
to result in a significant 
injury to the user. 


2. A critical 
component 
is any component 
of a life support device or system whose failure to perform 
can be reasonably 
expected 
to cause the failure 
of the life 
support 
device 
or system, 
or to affect its safety or effectiveness. 
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Design Engineering Bulletin 


Watchdog Timer, Reset Controller and E2pROM 
Merged Into a Single Chip 


T 
he X25043 integrates 
three of the most common 
external 
functional 
elements 
in microcontroller 
based 
systems 
into a single low-cost 
and low power 
device. The X25043 combines 
a precision 
RESET controller, 


a programmable 
and flexible Watch Dog Timer and 4K bits of E'PROM memory 
into a single 8 pin packaged 
device. 


The interface 
to the microcontroller 
is the advanced 
SPI (Serial Peripheral 
Interface) 
common 
to most 
advanced 


microcontrollers. 


The RESET controller 
monitors 
the Vcc level in the system and will generate 
a RESET pulse 
to the rnicrocontroller 
during 
power-up, 
power-down 
and 


brown 
out conditions. 
The Watch- 


dog timer will generate aRESETpulse 
if the timer 
is not reset 
within 
the 
configured 
intervaL 
The E'PROM is 


organized 
as 512 Bytes and features 


advanced data protection features such 
as Software Data Protection and Block 
Lock Write Protection. 
By combining 
all of these 
fea- 


tures onto a single chip, the designer is 
now able to save board space, power 
and component 
cost. 


RESET 


CONTROLLER 
4K 


E'PROM 
WATCHDOG 


TIMER 


The X25043 reduces component 
count and system cost dramatically 
when 
compared to previous solutions. 


X25043 Second Generation Watchdog Timer - Increased 
Functionality, Flexibility and Dependability 


T 


he Watchdog 
timer of the X25043 represents 
the ultimate 
in 
flexibility, 
functionality 
and dependability. 
Through 
the utiliza- 
tion of E'PROM 
technology, 
the watchdog 
timer interval 
is stored 
in a 


nonvolatile 
register. 
This allows the interval 
to be valid immediately 
upon 
power-on 
RESET of the microcontroller 
without 
the need for initialization 


as would 
be required 
on a volatile configured 
timer. This insures 
that the 


microcontroller 
will be brought 
through 
any initialization 
problems 
by the 


X25043. 
The fact that the interval 
timer on the X25043 is stored 
in E'PROM 
allows the system to select the proper 
intervalfrom 
3 choices: 200 msec, 600 


msec and 1.2 seconds. 
The timer may also be disabled 
through 
the use of 


the nonvolatile 
configuration 
register. 
This flexibility 
allows 
the interval 
to be changed 
in system 
at various 
stages of the systems 
life to allow for 
software 
modification, 
hardware 
configurations 
or different 
algorithm 
requirements. 


APPLICATION 
NOTES 
AVAILABLE 


AN11 -AN21 
iCOP 
® 


Programmable 
Watchdog Supervisory 
E2PROM 


DESCRIPTION 


• Programmable Watchdog Timer 
• Low Vcc Detection 
• Reset Signal Valid to Vcc = 1V 
• 1MHz Clock Rate 
• 512 X 8 Bits Serial E2pROM 


--4 Byte Page Mode 
• Low Power CMOS 


-10JlA 
Standby Current 


-3mA 
Active Current 
• 2.7V To 5.5V Power Supply 
• Block Lock™ 
-Protect 
1/4, 1/2 or all of E2pROM Array 


• Built-in Inadvertent Write Protection 
-Power-Up/Power-Down 
protection circuitry 


-Write 
Latch 
-Write 
Protect Pin 
• High Reliability 


-Endurance: 
100,000 cycles per byte 
-Data 
Retention: 100 Years 


-ESD 
protection: 2000V on all pins 


• 8-Pin Mini-DIP Package 
• 8-Lead SOIC Package 
• 14-Lead TSSOP 


The X25043 
combines 
three popular 
functions, 
Watch- 


dog 
Timer, 
Voltage 
Supervision, 
and 
E2pROM 
in a 


single 
package. 
This 
combination 
lowers 
the system 


cost and reduces 
the board space 
requirements. 


The Watchdog 
Timer 
provides 
an independent 
protec- 


tion system for microcontrollers. 
During a system failure, 


the X25043 
watchdog 
will respond 
with a RESET signal 


after a selectable 
time-out 
interval. The user selects the 


interval 
from 
three 
preset 
values. 
Once 
selected, 
the 


interval does not change, 
even after cycling 
the power. 


The system 
is protected 
from low voltage 
conditions 
by 


the X25043 
low Vcc detection 
circuits. 
When Vcc drops 


below the minimum 
Vcc trip point, the system 
is RESET. 


Reset is asserted 
until Vcc returns 
and stabilizes. 


The memory 
portion of the X25043 
is a CMOS 
4096-bit 


serial 
E2pROM, 
internally 
organized 
as 512 X 8. The 


X25043 
features 
a Serial Peripheral 
Interface 
(SPI) and 


software 
protocol 
allowing 
operation 
on a simple three- 


wire bus. 


The X25043 
utilizes 
Xicor's 
proprietary 
Direct 
Write™ 
cell, providing 
a minimum 
endurance 
of 100,000 
cycles 


per byte and a minimum 
data retention 
of 100 years. 


• 


PIN DESCRIPTIONS 


Serial 
Output 
(SO) 


SO is a push/pull 
serial data output 
pin. During a read 


cycle, data is shifted out on this pin. Data is clocked 
out 


by the falling 
edge of the serial clock. 


Serial 
Input (SI) 


SI is the serial 
data 
input 
pin. All opcodes, 
byte ad- 


dresses, 
and data to be written to the memory 
are input 


on this pin. Data is latched by the rising edge of the serial 
clock. 


Serial 
Clock 
(SCK) 


The Serial 
Clock controls 
the serial bus timing for data 


input and output. 
Opcodes, 
addresses, 
or data present 


on the SI pin is latched 
on the rising edge of the clock 


input, while data on the SO pin changes 
after the falling 
edge of the clock 
input. 


Chip Select 
(CS) 


When CS is HIGH, the X25043 
is deselected 
and the SO 


output 
pin is at high impedance 
and, unless an internal 


write operation 
is underway, 
the X25043 
will be in the 


standby 
power 
mode. 
CS LOW 
enables 
the X25043, 


placing 
it in the active 
power 
mode. 
It should 
be noted 


that after power-up, 
a HIGH to LOW transition 
on CS is 
required 
prior to the start of any operation. 


Write 
Protect 
(WP) 


When WP is LOW, nonvolatile 
writes to the X25043 
are 


disabled, 
but 
the 
part 
otherwise 
functions 
normally. 
When WP is held HIGH, all functions, 
including 
nonvola- 


tile writes operate 
normally. 
WP going LOW while CS is 


still 
LOW 
will 
interrupt 
a write 
to the 
X25043. 
If the 


internal write cycle has already 
been initiated, 
WP going 


LOW will have no affect on a write. 


Reset (RESET) 


RESET 
is an active LOW, open drain output which goes 


LOW whenever 
Vcc falls below the mimimum 
Vcc sense 


level. 
It will 
remain 
LOW 
until 
Vcc 
rises 
above 
the 


minimum 
Vcc sense level for200ms. 
RESET 
also goes 


LOW if the Watchdog 
timer is enabled 
and CS remains 


either HIGH or LOW longer than the Watchdog 
time-out 


period. A falling edgeofCSwili 
reset the watchdog 
timer. 


PIN CONFIGURATION 


DIP/SOle 


cs 
1 
8 
Vcc 
so 
2 
7 
RESET 
X25043 
wp 
3 
6 
SCK 
VSS 
4 
5 
SI 


Symbol 
Description 


CS 
Chip Select 
Input 


SO 
Serial Output 


SI 
Serial 
Input 


SCK 
Serial 
Clock 
Input 


WP 
Write 
Protect 
Input 


Vss 
Ground 


Vcc 
Supply 
Voltage 


RESET 
Reset Output 


X25043 


PRINCIPLES OF OPERATION 


The X25043 is a 512 x 8 E2PROMdesigned to interface 
directly with the synchronous serial peripheral interface 
(SPI) of many popular microcontroller families. 


The X25043 contains an 8-bit instruction register. It is 
accessed via the SI input, with data being clocked in on 
the rising SCK. CS must be LOW and WP input must be 
HIGH during the entire operation. The X25043 monitors 
the bus and provides a RESET output if there is no bus 
activity within the preset time period. 


Table 1 contains a list of the instructions and their 
operation codes. All instructions, addresses and data 
are transferred MSB first. Bit 3 of the Read and Write 
instructions contain the higher order address bit, As. 


Data input issampled on the first rising edge of SCKafter 
CS goes LOW. SCK is static, allowing the user to stop 
the clock and then resume operations. 


Write Enable latch 


The X25043 contains a "write enable" latch. This latch 
must be SET before a write operation will be completed 
internally. The WREN instruction will set the latch and 
the WRDI instruction will reset the latch. This latch is 
automatically reset upon a power-up condition and after 
the completion of a byte, page, or status register write 
cycle. The latch is also reset if WP is brought LOW. 


Status Register 


The RDSR instruction provides access to the status 
register. The status register may be read at any time, 
even during a write cycle. The status register is format- 
ted as follows: 


When issuing, WREN, WRDI and RDSR commands, it 
is not necessary to send a byte address or data. 


The Write-In-Process (WIP) bit indicates whether the 
X25043 is busy with a write operation. When set to a "1", 
a write is in progress, when set to a "0", no write is in 
progress. During a write, all other bits are set to "1". The 
WIP bit is read-only. 


The Write Enable Latch (WEL) bit indicates the status of 
the "write enable" latch. When set to a "1",the latch isset, 
when set to a "0",the latch is reset. The WEL bit is read- 
2 


only and is set by the WREN instruction and reset by 
WRDI instruction or successful completion of a write 
cycle. 


The Block Protect (BLOand BL1) bits indicate the extent 
of protection employed. These nonvolatile bits are set by 
issuing the WRSR instruction and allows the user to 
select one of four levels of protection and program the 
watchdog timer. The X25043 is divided into four 1024- 
bit segments. One, two, or all four of the segments may 
be locked. That is, the user may read the segments but 
will be unable to alter (write) data within the selected 
segments. The partitioning is controlled as illustrated 
below with the state of BL1 and BLO. 


Status Register Bits 
Array Addresses 
Bl1 
BlO 
Protected 


0 
0 
None 
0 
1 
$18Q-$1FF 
1 
0 
$10Q-$1FF 
1 
1 
$00Q-$1FF 


The Watchdog Timer (WOOand WD1) bits allow setting 
of the watchdog time-out function as shown in the table 
below. These nonvolatile bits are set by issuing the 
WRSR instruction. 


Status Register Bits 
Watchdog 
Time-out 


W01 
WOO 
(Typical) 


0 
0 
1.4 Seconds 
0 
1 
600 Milliseconds 


1 
0 
200 Milliseconds 


1 
1 
Disabled 


Clock and Data Timing 


Data input on the Siline is latched on the rising edge of 
SCK. Data is output on the SO line by the falling edge of 
SCK. 


Read Sequence 


When reading from the E2pROM memory array, CS is 
first pulled LOW to select the device. The 8-bit READ 
instruction istransmitted to the X25043, followed bythe 
8-bit byte address. Bit 3 of the Read instruction con- 
tains address As. This bit is used to select the upper or 
lower half of the device. Afterthe read opcode and byte 
address are sent, the data stored in the memory at the 
selected address is shifted out on the SO line. The data 
stored in memory at the next address can be read 
sequentially by continuing to provide clock pulses. The 
byte address is automatically incremented to the next 
higher address after each byte of data is shifted out. 
When the highest address is reached ($1FF) the ad- 
dress counter rolls over to address $000, allowing the 
read cycle to be continued indefinitely. The read opera- 
tion is terminated by taking CS HIGH. Refer to the read 
E2pROM 
Array 
operation 
sequence 
illustrated 
in 
Figure 1. 


To read the status register the CSline 
is first pulled 
LOW to select the device followed by the 8-bit RDSR 
instruction. After the read status register opcode is 
sent, the contents of the status register is shifted out on 
the SO line as shown in Figure 2. 


Write Sequence 


Prior to any attempt to write data into the X25043 the 
"write enable" latch must first be set by issuing the 
WREN instruction (See Figure 3). CS isfirst taken LOW, 
then the WREN instruction is clocked into the X25043. 
After all eight bits of the instruction are transmitted, CS 


must then be taken HIGH. Ifthe user continues the write 
operation without taking CS HIGH after issuing the 
WREN instruction the write operation will be ignored. 


To write data to the E2pROM memory array, the user 
issues the WRITE instruction, followed by the address 
and then the data to be written. Bit 3 of the Write 
instruction contains address As.This bit is used to select 
the upper or lower half of the device. This is minimally a 
twenty-four clock operation. CS must go LOW and 
remain LOW for the duration of the operation. The host 
may continue to write up to four bytes of data to the 
X25043. 
The only restriction is the four bytes must 
reside on the same page. A page address begins with 
address X XXXX XXOO and ends with X XXXX XX11. If 
the byte address counter reaches X XXXX XX11 and the 
clock continues the counter will roll back to the first 
address of the page and overwrite any data that may 
have been written. 


For the write operation (byte or page write) to be 
completed, CS can only be brought HIGH after the 
twenty-fourth, thirty-second, fourtieth, or fourtyeighth 
clock. If it is brought HIGH at any other time, the write 
operation will not be completed. Refer to Figure 4 and 5 
below for a detailed illustration of the write sequences. 


While the write is in progress, following a status register 
or E2pROM write sequence the status register may be 
readto check the WIPbit. During this time the WIP bitwill 
be HIGH and all other bits in the status register will be 
undefined. 


RESET Operation 


The RESET output is designed to go LOW whenever 
Vcc has dropped below the minimum trip point and/or 
the Watchdog timer has reached its programmable 
time-out limit. 


Instruction Name 
Instruction Format' 
Operation 
WREN 
0000 
0110 
Set the Write Enable Latch (Enable Write Operations) 
WRDI 
0000 
0100 
Reset the Write Enable Latch (Disable Write Operations) 


RDSR 
00000101 
Read Status Register 
WRSR 
00000001 
Write Status Register (Block Lock Bits) 


READ 
0000 
As011 
Read Data from Memory Array beginning at selected 
address 


WRITE 
0000 
As010 
Write Data to Memory Array beginning at Selected Address 
(1 to 4 Bytes) 


Operational 
Notes 


The X25043 powers-up in the following state: 


• The device is in the low power standby state. 


• A HIGH to LOW transition on CS is required to 


enter an active state and receive an instruction. 


• SO pin is high impedance. 


• The "write enable" latch is reset. 


Data Protection 


The following circuitry has been included to prevent 
inadvertent writes: 


• The "write enable" latch is reset upon power-up. 


• A WREN 
instruction must be issued to set the "write 


enable" latch. 


• CS must come HIGH at the proper clock count in 


order to start a write cycle. 


The "write enable" latch is reset when WP is brought 
LOW. 
• 
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ABSOLUTE MAXIMUM RATINGS· 
Temperature 
under 
Bias 
-65°C 
to +135°C 
Storage 
Temperature 
-65°C 
to +150°C 
Voltage on any Pin with Respect to VSS 
-1.0Vto+7V 
D.C. Output 
Current 
5mA 
Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Temp 
Min. 
Max. 


Commercial 
O°C 
70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


·COMMENT 
Stresses 
above those listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 


listed in the operational 
sections 
of this specification 
is 


not implied. 
Exposure 
to absolute 
maximum 
rating con- 


ditions for extended 
periods may affect device 
reliability. 


Supply Voltage 
Limits 


X25043 
5V±10% 


X25043-2.7 
2.7 to 5.5V 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


ICC 
Vcc 
Supply 
Current 
(Active) 
3 
mA 
SCK = Vcc 
x 0.1Ncc x 0.9 
@ 1MHz, 


SO= 
Open 


IS8 
Vcc 
Standby Current 
10 
~ 
CS = VCC, 
VIN = VSS or VCC 


III 
Input Leakage 
Current 
10 
~ 
VIN = VSS to VCC 


ILO 
Output 
Leakage 
Current 
10 
~ 
VOUT = VSS to VCC 


VIL(1) 
Input LOW Voltage 
-1 
VCC x 0.3 
V 


VIH(1) 
Input HIGH Voltage 
VCC x 0.7 
VCC + 0.5 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
10L= 2mA 


VOH1 
Output 
HIGH Voltage 
VCC-Q·8 
V 
IOH = -1.6mA, 
VCC=5V 


VOH2 
Output 
HIGH Voltage 
VCC-Q.4 
V 
IOH = -.4mA, 
VCC=2.7V 


VOLRS 
Reset Output 
LOW Voltage 
0.4 
V 
IOL = 1mA 


Symbol 
Parameter 
Min. 
Max. 
Units 


tPUR(2) 
Power-up 
to Read Operation 
1 
ms 


tpUW(2) 
Power-up 
to Write Operation 
5 
ms 


Symbol 
Test 
Max. 
Units 
Conditions 


COUT(2) 
Output 
Capacitance 
(SO, RESET) 
8 
pF 
VOUT= 
OV 


CIN(2) 
Input Capacitance 
(SCK, SI, CS, WP) 
6 
pF 
VIN= 
OV 


Notes: 
(1) V1L min. and V1H max. are for reference only and are not tested. 
(2) This parameter 
is periodically sampled and not 100% tested. 


5V 


_ 
I·16Kn 


RESET -f 


1100PF 
1100PF 


Input Pulse Levels 
VCCxO.1 
toVCCxO.9 


Input Rise and Fall Times 
10ns 


Input and OutputTiming 
Level 
VCCxO.5 • 


A.C. CHARACTERISTICS (Over recommended 
operating 
conditions, 
unless 
otherwise 
specified) 


Data Input Timing 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCK 
Clock Frequency 
0 
1 
MHz 


tCYC 
Cycle Time 
1000 
ns 


tLEAD 
CS Lead Time 
500 
ns 


tLAG 
CS Lag Time 
500 
ns 


tWH 
Clock HIGH Time 
500 
ns 


tWL 
Clock LOW Time 
400 
ns 


tsu 
Data Setup Time 
100 
ns 


tH 
Data Hold Time 
100 
ns 


tRI(3) 
Input Rise Time 
2 
Ils 


tFI(3) 
Input Fall Time 
2 
Ils 


tcs 
CS Deselect 
Time 
500 
ns 


twd4) 
Write Cycle Time 
10 
ms 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCK 
Clock 
Frequency 
0 
1 
MHz 


tDIS 
Output 
Disable 
Time 
500 
ns 


tv 
Output 
Valid from Clock LOW 
400 
ns 


tHO 
Output 
Hold Time 
0 
ns 
tRO(3) 
Output 
Rise Time 
300 
ns 
tFO(3) 
Output 
Fall Time 
300 
ns 


Notes: 
(3) This parameter 
is periodically sampled and not 100%tested. 
(4) twc 
is the time from the rising edge of CS after a valid write sequence has been sent to the end of the self-timed internal 


nonvolatile 
write cycle. 


»»»») 
») 
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xxx 
XXX 
LSB IN XXX 


Symbol 
Parameter 
Min. 
Typ. 
Max. 
Units 


VTRIP 
Reset Trip Point Voltage, 
5V Device 
4.25 
4.5 
V 
Reset Trip Point Voltage, 
2.7V Device 
2.55 
2.7 
V 


tpURST 
Power-up 
Reset 
Timeout 
100 
400 
ms 


tRPD(5) 
Vee 
Detect to RESET 
LOW 
500 
ns 


tF(5) 
Vee 
Fall Time 
10 
~s 


tR(5) 
Vee 
Rise Time 
·0 
ns 


VRVALID 
Reset Valid Vee 
1 
V 


Symbol 
Parameter 
Min. 
Typ. 
Max. 
Units 


tWDO 
Watchdog 
Timeout 
Period, 
WD1=1,WDO=0 
100 
200 
300 
ms 
WD1=O,WDO=1 
450 
600 
800 
ms 
WD1=O,WDO=0 
1 
1.4 
2 
sec 


tesT 
CS Pulse Width to Reset the Watchdog 
400 
ns 


tRST 
Reset Timeout 
100 
400 
ms 
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X25043T 


T 
-v1Lvccum;" 
Blank = 5V ±10% 
2.7 = 2.7V to 5.5V 


Temperature 
Range 
Blank = Commercial 
= O°C to +70°C 
I = Industrial = -40°C 
to +85°C 


M = Military = -55°C 
to + 125°C 


Package 
P = 8-Lead 
Plastic 
DIP 
S = 8-Lead 
SOIC 
V = 14-Lead 
TSSOP 


x - 
Blank = 8-Lead 
SOIC 
P = 8-Lead 
Plastic 
DIP 
Blank = 8-Lead 
SOIC 
xL Blank = 5V ±10%, 
O°C to +70°C 
I = 5V ±1 0%, -40°C 
to +85°C 
F = 2.7V to 5.5V, O°C to +70°C 
G = 2,7V to 5.5V, -40°C 
to +85°C 


LIMITED WARRANTY 


Devices 
sold by Xicor, Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms of Sale only. Xicor, 
Inc. makes 
no warranty. 
express, 
statutory, 
implied. 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent infringement. 


Xicor, Inc. makes no warranty 
of merchantability 
or fitness for any purpose. 
Xicor. Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 


prices at any time and without 
notice. 


Xicor, Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 
4,263,664; 
4,274.012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 
4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 967; 4,883, 
976, Foreign 
patents 
and 


additional 
patents 
pending, 


LIFE RELATED 
POLICY 


In situations 
where semiconductor 
component 
failure may endanger 
life, system designers 
using this product should design the system 
with appropriate 
error 


detection 
and correction, 
redundancy 
and back-up 
features 
to prevent 
such an occurrence. 


Xicor's products 
are not authorized 
for use in critical components 
in life support 
devices or systems. 
1. Life support 
devices 
or systems 
are devices 
or systems 
which, (a) are intended 
for surgical 
implant into the body, or (b) support 
or sustain 
life, and whose 
failure to perform, 
when properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 


injury to the user. 


2. A critical component 
is any component 
of a life support device or system whose failure to perform can be reasonably 
expected 
to cause the failure of the life 


support 
device 
or system, 
or to affect its safety or effectiveness. 
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Design Engineering Bulletin 


New Product and Applications Information for Design Engineers 


Longer Battery Life, Faster Data Access and High Density! 


T 


he New X25080/160/320/6421128 
serial E'PROM 
family from Xicor offers a true low power solution 


for battery powered 
systems. 
Combining 
low standby cur- 


rent, faster data rates, smaller packages 
and higher density, 


this new serial E'PROM 
family provides the optimum choice 


for new, portable 
hand-held 
equipment 
designs. 
In addition 
the X25080/160/320/642/128 
family offers BlockLock 
which 


gives you the ability to protect 
portions of the memory being 
altered once the device is inserted into the system. BlockLock 
supports 
a hierarchical 
combination 
of software 
segmented 


data protections 
as well as hardware 
data protection 
using a 


programmable 
write protection 
input. This new family of se- 


rial E2PROMs continues 
to pace the industry for innovative 
nonvolatile 
devices 
which addresses 
the need for low power 


at the same time as offering 
optimum 
density and superior 
non volatile data protection. 
The SPI (Serial Peripheral Inter- 


face) coupled with an advanced chip architecture 
makes these 
devices superior to previous 
generations 
of serial E'PROMs. 


Area Represents 
Standby Current 


Programmable Hardware Pin and Data Software Key 
Locks Down Valuable Data 
T 


he X25080/160/320/642/128 
is 


the first complete 
family 
of serial 
E2PROMs 
which 
offer 
a programmable 


hardware 
write 
protect 
pin combined 
with 
the software 
ability to protect 
portions 
of the 


memory 
array 
from 
overwriting. 
Using 
a 


configuration 
register 
it is possible 
to define 
which 
area of the memory 
will be write pro- 


tected. 
This feature 
lets you 
solder 
the de- 
vice 
into 
a system 
and 
then 
permanently 


lock down 
portions 
of the memory 
array via 
a software 
key after the final system 
configu- 
ration 
is defined. 
Once locked, 
the protected 
portion 
of the memory 
array cannot 
be over- 
written 
as long 
as the write 
protect 
pin re- 


mains 
soldered 
to ground. 
Specific 
portions 


of the memory 
area can be used 
for storing 


configuration 
or serialization 
data 
and 


locked 
from 
inadvertent 
or intrusive 
data 
changes 
once 
the system 
is in normal 
op- 


eration. 
Unlocked 
portions 
of the array 
can 
be accessed 
for normal 
data 
alteration. 


DATA 
ARRAY 


80 


81 


8CK 
C8 
HOLD 


SPI 
1/0 


APPLICATION 
NOTE 
AVA 
I L A B L E 


AN61 
icor 
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• 2MHz Clock Rate 
• SPI Modes (0,0 & 1,1) 
• 1K X a Bits 
-32 
Byte Page Mode 


• Low Power CMOS 


-<1!1A Standby Current 
-<5mA 
Active Current 


• 2.7V To 5.5V Power Supply 
• Block Lock Protection 


-Protect 
1/4, 1/2 or all of E2pROMArray 


• Built-in Inadvertent Write Protection 
-Power-Up/Power-Down 
protection circuitry 
- 
Write Enable Latch 


-Write 
Protect Pin 


• Self-Timed Write Cycle 


-5ms 
Write Cycle Time (Typical) 


• High Reliability 


-Endurance: 
100,000cycles 
-Data 
Retention: 100Years 
-ESD 
protection: 2000Von all pins 


• a-Pin Mini-DIP Package 
• a-Lead SOIC Package 
• 14-Lead TSSOP Package 


DESCRIPTION 


The 
X25080 
is a CMOS 
8192-bit 
serial 
E2pROM, 


internally 
organized 
as 1K x 8. The X25080 
features 
a 


Serial 
Peripheral 
Interface 
(SPI) and software 
protocol 


allowing 
operation 
on a simple three-wire 
bus. The bus 


signals are a clock input (SCK) plus separate 
data in (SI) 


and data out (SO) 
lines. Access 
to the device 
is con- 


trolled 
through 
a chip select 
(CS) 
input, 
allowing 
any 


number 
of devices 
to share the same 
bus. 


The 
X25080 
also 
features 
two 
additional 
inputs 
that 


provide the end user with added flexibility. 
By asserting 


the HOLD input, the X25080 
will ignore transitions 
on its 


inputs, thus allowing 
the host to service 
higher 
priority 
interrupts. 
The WP input can be used as a hardwire 
input 


to the X25080 
disabling 
all write attempts 
to the status 


register, 
thus 
providing 
a mechanism 
for limiting 
end 


user capability 
of altering 0,1/4,1/2 
or all of the memory. 


The X25080 
utilizes 
Xicor's 
proprietary 
Direct Write™ 


cell, providing 
a minimum 
endurance 
of 100,000 
cycles 


and a minimum 
data retention 
of 100 years. 


so 


Sl 


SCK 
cs 


HOLD 
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PIN DESCRIPTIONS 


Serial 
Output 
(SO) 


SO is a push/pull serial data output pin. During a read 
cycle, data is shifted out on this pin. Data is clocked out 
by the falling edge of the serial clock. 


Serial 
Input (SI) 


SI is the serial data input pin. All opcodes, 
byte 
addresses, and data to be written to the memory are 
input on this pin. Data is latched bythe rising edge of the 
serial clock. 


Serial 
Clock 
(SCK) 


The Serial Clock controls the serial bus timing for data 
input and output. Opcodes, addresses, or data present 
on the SI pin are latched on the rising edge of the clock 
input, while data on the SO pin change after the falling 
edge of the clock input. 


Chip Select 
(CS) 


When CS is HIGH, the X25080 isdeselected and the SO 
output pin is at high impedance and unless an internal 
write operation is underway, the X25080 will be in the 
standby power mode. CS LOW enables the X25080, 
placing it in the active power mode. It should be noted 
that after power-up, a HIGH to LOW transition on CS is 
required prior to the start of any operation. 


Write 
Protect 
(WP) 


When WP is LOW and the nonvolatile bit WPEN is "1", 
nonvolatile writes to the X25080 status register are 
disabled, but the part otherwise functions normally. 
When WP is held HIGH, all functions, including nonvola- 
tile writes operate normally. WP going LOW while CS is 
still LOW will interrupt a write to the X25080 status 
register. If the internal write cycle has already been 
initiated, WP going LOW will have no effect on a write. 


The WP pin function is blocked when the WPEN bit in 
the status register is"0".This allows the user to installthe 
X25080 in a system with WP pin grounded and still be 
able to write to the status register. The WP pin functions 
will be enabled when the WPEN bit is set "1". 


Hold (HOLD) 


HOLD is used inconjunction with the CS pinto select the 
device. Once the part is selected and a serial sequence 
is underway, HOLD may be used to pause the serial 
communication with the controller without resetting the 
serial sequence. To pause, HOLD must be brought 
LOW while SCK is LOW. To resume communication, 
HOLD is brought HIGH, again while SCK is LOW. If the 
pause feature is not used, HOLD should be held HIGH 
at all times. 


VCC 
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SYMBOL 
DESCRIPTION 


CS 
Chip Select Input 


SO 
Serial Output 
SI 
Serial Input 
SCK 
Serial Clock Input 


WP 
Write Protect Input 


Vss 
Ground 
Vcc 
Supply Voltage 
HOLD 
Hold Input 
NC 
No Connect 


PRINCIPLES 
OF OPERATION 


The X25080 
is a 1K x 8 E2pROM 
designed 
to interface 


directly 
with the synchronous 
serial peripheral 
interface 


(SPI) of many popular 
microcontroller 
families. 


The X25080 
contains 
an 8-bit instruction 
register. 
It is 


accessed 
via the SI input, with data being clocked 
in on 


the rising SCK. CS must be LOW and the HOLD and WP 
inputs 
must 
be HiGH 
during 
the entire operation. 
The 


WP input is "Don't 
Care" if WPEN 
is set "0". 


Table 
1 contains 
a list of the 
instructions 
and 
their 


opcodes. 
All instructions, 
addresses 
and data are trans- 


ferred 
MSB first. 


Data input is sampled 
on the first rising edge of SCKafter 


CS goes LOW. SCK is static, allowing 
the user to stop 


the clock and then resume 
operations. 
If the clock line is 


shared with other peripheral 
devices on the SPI bus, the 


user can assert the HOLD input to place the X25080 
into 
a "PAUSE" 
condition. 
After releasing 
HOLD, the X25080 


will resume 
operation 
from the point when HOLD was 


first asserted. 


Write 
Enable 
Latch 


The X25080 
contains 
a "write enable" 
latch. This latch 


must be SET before a write operation 
will be completed 


internally. 
The WREN 
instruction 
will set the latch and 


the WRDI 
instruction 
will reset the latch. This 
latch is 


automatically 
reset upon a power-up 
condition 
and after 


the completion 
of a byte, page, or status 
register 
write 


cycle. 


Status 
Register 


The 
RDSR 
instruction 
provides 
access 
to the 
status 


register. 
The status 
register 
may be read at any time, 


even during a write cycle. The status 
register 
is format- 


ted as follows: 


WPEN, 
BPO and BP1 are set by the WRSR 
instruction. 


WEL and WIP are read-only 
and automatically 
set by 


other operations. 


The Write-in-Process 
(WIP) 
bit indicates 
whether 
the 


X25080 
is busy with a write operation. 
When set to a "1", 


a write 
is in progress, 
when 
set to a "0", no write 
is in 


progress. 
During a write, all other bits are set to "1". 


The Write Enable Latch (WEL) bit indicates 
the status of 


the "write enable" latch. When settoa 
"1 ", the latch isset, 


when set to a "0", the latch is reset. 


The Block 
Protect 
(BPO and BP1) 
bits are nonvolatile 


and allow the user to select one of four levels of protec- 
tion. The X25080 
is divided 
into four 2048-bit 
segments. 


One, two, or all four of the segments 
may be protected. 


That 
is, the user 
may 
read the segments 
but will 
be 


unable to alter (write) data within the selected 
segments. 


The partitioning 
is controlled 
as illustrated 
below. 


Status 
Register 
Bits 
Array 
Addresses 


BP1 
BPO 
Protected 


0 
0 
None 


0 
1 
$0300-$03FF 


1 
0 
$0200-$03FF 


1 
1 
$0000-$03FF 


Instruction 
Name 
Instruction 
Format" 
Operation 


WREN 
0000 
0110 
Set the Write 
Enable 
Latch (Enable 
Write Operations) 


WRDI 
0000 
0100 
Reset the Write Enable 
Latch (Disable 
Write Operations) 


RDSR 
00000101 
Read Status 
Register 


WRSR 
00000001 
Write Status 
Register 


READ 
0000 
0011 
Read Data from Memory 
Array beginning 
at selected 
address 


WRITE 
0000 
0010 
Write Data to Memory 
Array beginning 
at Selected 
Address 


(1 to 32 Bytes) 


• 


Write-Protect 
Enable 


The Write-Protect-Enable 
(WPEN) 
is available 
for the 
X25080 
as a nonvolatile 
enable 
bit for the WP pin. 


Protected 
Unprotected 
Status 
WPEN 
WP 
WEL 
Blocks 
Blocks 
Register 


0 
X 
0 
Protected 
Protected 
Protected 


0 
X 
1 
Protected 
Writable 
Writable 


1 
LOW 
0 
Protected 
Protected 
Protected 


1 
LOW 
1 
Protected 
Writable 
Protected 


X 
HIGH 
0 
Protected 
Protected 
Protected 


X 
HIGH 
1 
Protected 
Writable 
Writable 
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The Write 
Protect 
(WP) 
pin and the nonvolatile 
Write 
Protect Enable (WPEN) 
bit in the Status Registercontrol 
the programmable 
hardware 
write protect feature. Hard- 
ware write protection 
is enabled 
when WP pin is LOW, 
and the WPEN 
bit is "1". Hardware 
write 
protection 
is 
disabled 
when either the WP pin is HIGH or the WPEN 
bit is "0". When 
the chip 
is hardware 
write 
protected, 
nonvolatile 
writes 
are disabled 
to the Status 
Register, 
including 
the Block Protect 
bits and the WPEN 
bit itself, 
as well as the block-protected 
sections 
in the memory 
array. Only the sections 
of the memory array that are not 
block-protected 
can be written. 


Note: 
Since the WPEN 
bit is write protected, 
it 
cannot 
be changed 
back to a "0", as long as 
the WP pin is held LOW. 


Clock and Data Timing 


Data input on the Siline 
is latched 
on the rising edge of 
SCK. Data is output on the SO line by the falling edge of 
SCK. 


Read Sequence 


When 
reading 
from the E2pROM 
memory 
array CS is 
first pulled 
LOW to select 
the device. 
The 8-bit READ 
instruction 
is transmitted 
to the X25080, 
followed 
by the 
16-bit address 
of which 
the last 10 are used. After the 
READ opcode 
and address 
are sent, the data stored in 
the memory 
at the selected 
address 
is shifted out on the 
SO line. The data stored in memory 
at the next address 
can be read sequentially 
by continuing 
to provide 
clock 
pulses. The address 
is automatically 
incremented 
to the 
next higher address 
after each byte of data is shifted out. 


When 
the 
highest 
address 
is reached 
($03FF) 
the 
address 
counter 
rolls over to address 
$0000 
allowing 
the 
read cycle 
to be continued 
indefinitely. 
The 
read 
operation 
is terminated 
by taking CS HIGH. Refer to the 
read E2pROM 
array 
operation 
sequence 
illustrated 
in 
Figure 
1. 


To read the status register the CS line is first pulled LOW 
to select the device followed 
by the 8-bit RDSR instruc- 
tion. After the RDSR opcode 
is sent, the contents 
of the 
status register 
are shifted 
out on the SO line. The read 
status 
register 
sequence 
is illustrated 
in Figure 
2. 


Write Sequence 


Prior to any attempt 
to write data into the X25080, 
the 
"write 
enable" 
latch 
must 
first 
be set 
by issuing 
the 
WREN instruction 
(See Figure 3). CS is first taken LOW, 


then the WREN 
instruction 
is clocked 
into the X25080. 
After all eight bits of the instruction 
are transmitted, 
CS 
must then be taken HIGH. If the user continues 
the write 
operation 
without 
taking 
CS 
HIGH 
after 
issuing 
the 
WREN 
instruction, 
the write operation 
will be ignored. 


To write data to the E2pROM 
memory 
array, 
the user 
issues the WRITE 
instruction, 
followed 
by the address 
and then the data to be written. This is minimally 
a thirty- 
two clock operation. 
CS must go LOW and remain LOW 
for the duration 
of the operation. 
The host may continue 
to write up to 32 bytes of data to the X25080. 
The only' 


restriction 
is the 32 bytes must reside on the same page. 


If the address 
counter 
reaches 
the end of the page and 
the clock continues, 
the counter 
will "roll over" to the first 
address 
of the page and overwrite 
any data that may 
have been written .. 


For 
the 
write 
operation 
(byte 
or 
page 
write) 
to 
be 
completed, 
CS can only be brought 
HIGH after bit 0 of 
data byte N is clocked in.lfit 
isbroughtHIGH 
at any other 
time the write operation 
will not be completed. 
Refer to 
Figures 
4 and 5 below for a detailed 
illustration 
of the 
write 
sequences 
and time frames 
in which 
CS going 
HIGH are valid. 


To write to the status 
register, 
the WRSR 
instruction 
is 
followed 
by the data to be written. 
Data bits 0,1,4,5 
and 
6 must be "0". Figure 6 shows 
this sequence. 


While the write is in progress following 
a status register or 
E2pROM write sequence, 
the status register may be read 
to check the WIP bit. During this time the WIP bit will be "1". 


Hold Operation 


The HOLD input should 
be HIGH (at VI H) under normal 
operation. 
If a data transfer 
is to be interrupted 
HOLD 
can be pulled LOW to suspend 
the transfer 
until it can be 
resumed. 
The only restriction 
is the SCK input must be 
LOW when HOLD is first pulled LOW and SCK must also 
be LOW when HOLD is released. 


The HOLD input may be tied HIGH either directly to V cc 
or tied to Vcc through 
a resistor. 


Operational Notes 


The X25080 powers-up in the following state: 


• The device is in the low power standby state. 


• A HIGH to LOW transition on CS is required to 


enter an active state and receive an instruction. 


• SO pin is high impedance. 


• The "write enable" latch is reset. 


Data Protection 


The following circuitry has been included to prevent 
inadvertent writes: 


• The "write enable" latch is reset upon power-up. 


• A WREN instruction must be issued to set the "write 


enable" latch. 


• CS must come HIGH at the proper clock count in 
order to start a write cycle. 
• 


_______ 
--Jr- 


cs 
\~ 
~/ 


Figure 4. Byte Write Operation Sequence 
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ABSOLUTE MAXIMUM RATINGS· 
Temperature 
under 
Bias 
-65°C 
to +135°C 
Storage 
Temperature 
-65°C 
to +150°C 
Voltage on any Pin with Respect to VSS 
-1Vto+7V 
D.C. Output 
Current 
5mA 
Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Temp 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


·COMMENT 
Stresses 
above those listed under "Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 
the device at these or any other conditions 
above those 
listed in the operational 
sections 
of this specification 
is 
not implied. 
Exposure 
to absolute 
maximum 
rating con- 


ditions for extended 
periods may affect device 
reliability. 


Supply Voltage 
Limits 


X25080 
5V±10% 


X25080-2.7 
2.7V to 5.5V 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Ice 
Vee Supply Current (Active) 
5 
mA 
SCK = Vee x 0.1Nee x 0.9 @ 2MHz, 
SO = Open, CS = VSS 


19B 
Vee Supply Current (Standby) 
1 
IlA 
CS = Vee, 
VIN = VSS or Vee 


III 
Input Leakage Current 
10 
IlA 
VIN = VSS to Vee 


ILO 
Output Leakage Current 
10 
IlA 
VOUT = VSS to Vee 
VIL(1) 
Input LOW Voltage 
-1 
VeexO.3 
V 
VIH(l) 
Input HIGH Voltage 
Veex 
0.7 
Vee + 0.5 
V 


VOL1 
Output LOW Voltage 
0.4 
V 
Vee = 5V, IOL = 3mA 


VOHl 
Output HIGH Voltage 
Vee-0.8 
V 
Vee = 5V, IOH = -1.6mA 


VOL2 
Output LOW Voltage 
0.4 
V 
Vee = 3V, IOL = 1.5mA 


VOH2 
Output HIGH Voltage 
Vee-0.3 
V 
Vee = 3V, IOH = -O.4mA 


Symbol 
Parameter 
Min. 
Max. 
Units 


tPUR(3) 
Power-up 
to Read Operation 
1 
ms 


tpUW(3) 
Power-up 
to Write Operation 
5 
ms 


Symbol 
Test 
Max. 
Units 
Conditions 


COUT(2) 
Output 
Capacitance 
(SO) 
8 
pF 
VOUT=OV 
CIN(2) 
Input Capacitance 
(SCK, SI, CS, WP, HOLD) 
6 
pF 
VIN = OV 


(1) VIL min. and V1H max. are for reference only and are not tested. 
(2) This parameter 
is periodically sampled and not 100% tested. 


(3) tPURand tpuw are the delays required from the time Vcc is stable until the specified operation can be initiated. These parameters 


are periodically sampled and not 100% tested. 


3V 


l'64K~ 
OUTPUT 


4.63Kfl 
= 
100pF J 


InputPulseLevels 
VeexO.1 toVeexO.9 
InputRiseand FallTimes 
10ns 


Inputand OutputTiming Level 
VeexO.5 
1.44Kfl 


OUTPUT -+-----, 


1.95Kfl 
100pF 1 
• 


A.C. CHARACTERISTICS (Over recommended operating conditions, unless otherwise specified) 


Data Input Timing 


Symbol 
Parameter 
Min. 
Max. 
Units 


fseK 
Clock Frequency 
0 
2 
MHz 


teye 
Cycle Time 
500 
ns 


tLEAD 
CS Lead Time 
250 
ns 


tLAG 
CS Lag Time 
250 
ns 


tWH 
Clock HIGH Time 
200 
ns 


tWL 
Clock LOW Time 
200 
ns 


tsu 
Data Setup Time 
50 
ns 


tH 
Data Hold Time 
50 
ns 
tRI(4) 
Data In Rise Time 
2 
~ 
tFI(4) 
Data In Fall Time 
2 
~ 
tHD 
HOLD Setup Time 
100 
ns 


teD 
HOLD Hold Time 
100 
ns 


tes 
CS Deselect Time 
2.0 
lls 
tWc'5) 
Write Cycle Time 
10 
ms 


Symbol 
Parameter 
Min. 
Max. 
Units 


fseK 
Clock Frequency 
0 
2 
MHz 


tDIS 
Output Disable Time 
250 
ns 
tv 
Output Valid from Clock LOW 
200 
ns 
tHO 
Output Hold Time 
0 
ns 
tRO<4) 
Output Rise Time 
100 
ns 
tFO(4) 
Output Fall Time 
100 
ns 
tLZ(4) 
HOLD HIGH to Output in Low Z 
100 
ns 
tHZ(4) 
HOLD LOW to Output in High Z 
100 
ns 


Notes: 
{4} This parameter 
is periodically sampled and not 100% tested. 


{5} twc 
is the time from the rising edge of CS after a valid write sequence has been sent to the end of the self-timed internal 
nonvolatile write cycle. 


i 


lOIS 


~ __ 
~X 
LSB OUT f"---- 
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: XXX 
XXX 
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X25080 
_T 


T 
-v1Lvccum., 
Blank = 5V ±10% 
2.7 = 2.7V to 5.5V 


Temperature 
Range 
Blank = Commercial 
= O°C to +70°C 


I = Industrial = -40°C 
to +85°C 
M = Military = -55°C 
to +125°C 


'------- 
Package 
P = 8-Lead 
Plastic 
DIP 
S = 8-Lead 
SOIC 
V = 14-Lead 
TSSOP 


x - 
P = 8-Lead 
Plastic 
DIP 
Blank = 8-Lead 
SOIC 


xL Blank = 5V ±1 0%, O°C to +70°C 
I = 5V ±1 0%, -40°C 
to +85°C 
F = 2.7V to 5.5V, O°C to +70°C 
G = 2.7V to 5.5V, -40°C 
to +85°C 


LIMITED WARRANTY 
Devices 
sold by Xicor, 
Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms of Sale only. Xicor, 
Inc. makes 
no warranty, 
express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent 
infringement. 


Xicor, Inc. makes 
no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 


prices at any time and without 
notice. 


Xicor, 
Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4,263;664; 
4.274,012; 
4,300,212; 
4,314,265; 
4.326,134; 
4,393,481; 
4,404,475; 
4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4.617,652; 
4,668.932; 
4,752,912; 
4,829, 482; 4,874,967; 
4,883,976. 
Foreign 
patents 
and 
additional 
patents 
pending. 


LIFE RELATED 
POLICY 
In situations 
where semiconductor 
component 
failure may endanger 
life, system 
designers 
using this product should design the system 
with appropriate 
error 
detection 
and correction, 
redundancy 
and back-up 
features 
to prevent 
such an occurrence. 


Xicor's products 
are not authorized 
for use in critical components 
in life support 
devices or systems. 
1. Life support 
devices 
or systems 
are devices 
or systems 
which, (a) are intended 
for surgical 
implant into the body, or (b) support 
or sustain 
life, and whose 


failure to pertorm, 
when properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 


injury to the user. 
2. A critical component 
is any component 
of a life support 
device or system whose failure to pertorm 
can be reasonably 
expected 
to cause the failure 
of the life 


support 
device 
or system, 
or to affect its safety or effectiveness. 


APPLICATION 
NOTE 
AVAILABLE 
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• 2MHz Clock Rate 
• SPI Modes (0,0 & 1,1) 
• 2K X 8 Bits 
-32 
Byte Page Mode 
• Low Power CMOS 
-<1JlA 
Standby Current 
-<5mA 
Active Current 
• 2.7V To 5.5V Power Supply 
• Block Lock Protection 
-Protect 
1/4, 1/2 or all of E2pROM Array 
• Built-in Inadvertent Write Protection 
-Power-Up/Power-Down 
protection circuitry 
- 
Write Enable Latch 
- 
Write Protect Pin 
• Self-Timed Write Cycle 
-5ms 
Write Cycle Time (Typical) 
• High Reliability 
-Endurance: 
100,000 cycles 
-Data 
Retention: 100 Years 


- 
ESO protection: 2000V on all pins 


• 8-Pin Mini-DIP Package 
• 8-Lead SOIC Package 
• 14-Lead TSSOP Package 


DESCRIPTION 


The 
X25160 
is a CMOS 
16384-bit 
serial 
E2pROM, 


internally 
organized 
as 2K x 8. The X25160 
features 
a 


Serial Peripheral 
Interface 
(SPI) and software 
protocol 


allowing 
operation 
on a simple three-wire 
bus. The bus 
signals are a clock input (SCK) plus separate 
data in (SI) 


and data out (SO) lines. Access 
to the device 
is con- 
trolled 
through 
a chip select 
(CS) 
input, 
allowing 
any 


number 
of devices 
to share the same 
bus. 


The 
X25160 
also 
features 
two 
additional 
inputs 
that 


provide the end user with added flexibility. 
By asserting 
the HOLD input, the X25160 
will ignore transitions 
on its 


inputs, thus allowing 
the host to service 
higher 
priority 
interrupts. 
The WP input can be used as a hardwire 
input 


to the X25160 
disabling 
all write attempts 
to the status 


register, 
thus 
providing 
a mechanism 
for limiting 
end 


user capability 
of altering 
0,1/4,1/2 
or all of the memory. 


The X25160 
utilizes 
Xicor's 
proprietary 
Direct 
Write™ 


cell, providing 
a minimum 
endurance 
of 100,000 
cycles 


and a minimum 
data retention 
of 100 years. 


so 


Sl 


SCK 
cs 


HOLD 
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PIN DESCRIPTIONS 


Serial 
Output 
(SO) 


SO is a push/pull serial data output pin. During a read 
cycle, data is shifted out on this pin. Data is clocked out 
by the falling edge of the serial clock. 


Serial 
Input (51) 


SI is the serial data input pin. All opcodes, 
byte 
addresses, and data to be written to the memory are 
input on this pin. Data is latched bythe rising edge of the 
serial clock. 


Serial 
Clock 
(SCK) 


The Serial Clock controls the serial bus timing for data 
input and output. Opcodes, addresses, or data present 
on the SI pin are latched on the rising edge of the clock 
input, while data on the SO pin change after the falling 
edge of the clock input. 


Chip Select 
(CS) 


When CS is HIGH,the X25160 isdeselected and the SO 
output pin is at high impedance and unless an internal 
write operation is underway, the X25160 will be in the 
standby power mode. CS LOW enables the X25160, 
placing it in the active power mode. It should be noted 
that after power-up, a HIGH to LOW transition on CS is 
required prior to the start of any operation. 


Write 
Protect 
(WP) 


When WP is LOW and the nonvolatile bit WPEN is "1", 
nonvolatile writes to the X25160 status register are 
disabled, but the part otherwise functions normally. 
When WP is held HIGH, all functions, including nonvola- 
tile writes operate normally. WP going LOW while CS is 
still LOW will interrupt a write to the X25160 status 
register. If the internal write cycle has already been 
initiated, WP going LOW will have no effect on a write. 


The WP pin function is blocked when the WPEN bit in 
the status register is"0".This allows the userto installthe 
X25160 in a system with WP pin grounded and still be 
able to write to the status register. The WP pin functions 
will be enabled when the WPEN bit is set "1". 


Hold (HOLD) 


HOLD is used inconjunction with the CS pin to select the 
device. Once the part is selected and a serial sequence 
is underway, HOLD may be used to pause the serial 
communication with the controller without resetting the 
serial sequence. To pause, HOLD must be brought 
LOW while SCK is LOW. To resume communication, 
HOLD is brought HIGH, again while SCK is LOW. If the 
pause feature is not used, HOLD should be held HIGH 
at all times. 


DIP/SOIC 


CS 
1 
8 


SO 
2 
X25160 
7 
WP 
3 
6 


VSS 
4 
5 


VCC 
HOLD 
SCK 


SI 


TSSOP 


CS 
1 
14 
vCC 
SO 
2 
13 
HOLD 
NC 
3 
12 
NC 
NC 
4 
X25160 
11 
NC 
NC 
5 
10 
NC 


WP 
6 
9 
SCK 


VSS 
7 
8 
SI 
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SYMBOL 
DESCRIPTION 


CS 
Chip Select Input 
SO 
Serial Output 
SI 
Serial Input 
SCK 
Serial Clock Input 
WP 
Write Protect Input 
Vss 
Ground 
Vcc 
Supply Voltage 
HOLD 
Hold Input 
NC 
No Connect 


PRINCIPLES 
OF OPERATION 


The X25160 
is a 2K x 8 E2pROM 
designed 
to interface 


directly with the synchronous 
serial peripheral 
interface 


(SPI) of many popular 
microcontroller 
families. 


The X25160 
contains 
an 8-bit instruction 
register. 
It is 


accessed 
via the SI input, with data being clocked 
in on 


the rising SCK. CS must be LOW and the HOLD and WP 
inputs 
must 
be HIGH 
during 
the entire 
operation. 
The 


WP input is "Don't 
Care" if WPEN 
is set "0". 


Table 
1 contains 
a list of the 
instructions 
and 
their 


opcodes. 
All instructions, 
addresses 
and data are trans- 


ferred 
MSB first. 


Data input is sampled 
on the first rising edge of SCK after 


CS goes LOW. 
SCK is static, allowing 
the user to stop 


the clock and then resume operations. 
If the clock line is 


shared with other peripheral 
devices 
on the SPI bus, the 


user can assert the HOLD input to place the X25160 
into 


a "PAUSE" 
condition. 
After releasing 
HOLD, the X25160 


will resume 
operation 
from the point when 
HOLD was 


first asserted. 


Write 
Enable 
Latch 


The X25160 
contains 
a "write enable" 
latch. This latch 


must be SET before a write operation 
will be completed 


internally. 
The WREN 
instruction 
will set the latch and 


the WRDI 
instruction 
will reset the latch. This latch is 
automatically 
reset upon a power-up 
condition 
and after 


the completion 
of a byte, page, or status 
register 
write 


cycle. 


Status 
Register 


The 
RDSR 
instruction 
provides 
access 
to the status 


register. 
The status 
register 
may be read at any time, 


even during a write cycle. The status 
register 
is format- 
ted as follows: 
• 


WPEN, 
BPO and BP1 are set by the WRSR 
instruction. 


WEL and WIP are read-only 
and automatically 
set by 


other operations. 


The Write-In-Process 
(WIP) 
bit indicates 
whether 
the 


X25160 
is busy with a write operation. 
When set to a "1 ", 


a write 
is in progress, 
when 
set to a "0", no write 
is in 


progress. 
During a write, all other bits are set to "1". 


The Write Enable Latch (WEL) bit indicates 
the status of 


the "write enable" latch. When settoa 
"1 ", the latch isset, 


when set to a "0", the latch is reset. 


The Block 
Protect 
(BPO and BP1) bits are nonvolatile 


and allow the user to select one of four levels of protec- 
tion. The X25160 
is divided 
into four 4096-bit 
segments. 


One, two, or all four of the segments 
may be protected. 


That 
is, the user 
may 
read the segments 
but will 
be 


unable to alter (write) data within the selected 
segments. 


The partitioning 
is controlled 
as illustrated 
below. 


Status 
Register 
Bits 
Array 
Addresses 


BP1 
BPO 
Protected 


0 
0 
None 


0 
1 
$0600-$07FF 


1 
0 
$0400-$07FF 


1 
1 
$0000-$07FF 


Instruction 
Name 
Instruction 
Format' 
Operation 


WREN 
0000 
0110 
Set the Write 
Enable 
Latch (Enable 
Write Operations) 


WRDI 
0000 
0100 
Reset the Write 
Enable 
Latch (Disable 
Write Operations) 


RDSR 
00000101 
Read Status 
Register 


WRSR 
00000001 
Write Status 
Register 


READ 
0000 
0011 
Read Data from Memory 
Array beginning 
at selected 
address 


WRITE 
0000 
0010 
Write Data to Memory 
Array beginning 
at Selected 
Address 
(1 to 32 Bytes) 


Write-Protect 
Enable 


The Write-Protect-Enable 
(WPEN) 
is available 
for the 
X25160 
as a nonvolatile 
enable 
bit for the WP pin. 


Protected 
Unprotected 
Status 
WPEN 
WP 
WEL 
Blocks 
Blocks 
Register 


0 
X 
0 
Protected 
Protected 
Protected 


0 
X 
1 
Protected 
Writable 
Writable 


1 
LOW 
0 
Protected 
Protected 
Protected 


1 
LOW 
1 
Protected 
Writable 
Protected 


X 
HIGH 
0 
Protected 
Protected 
Protected 


X 
HIGH 
1 
Protected 
Writable 
Writable 
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The Write 
Protect 
(WP) 
pin and the nonvolatile 
Write 
Protect Enable (WPEN) 
bit in the Status Registercontrol 
the programmable 
hardware 
write protect feature. Hard- 
ware write protection 
is enabled 
when WP pin is LOW, 
and the WPEN 
bit is "1". Hardware 
write 
protection 
is 
disabled 
when either the WP pin is HIGH or the WPEN 
bit is "0". When 
the chip 
is hardware 
write 
protected, 
nonvolatile 
writes 
are disabled 
to the Status 
Register, 
including 
the Block Protect 
bits and the WPEN 
bit itself, 
as well as the block-protected 
sections 
in the memory 
array. Only the sections 
of the memory array that are not 
block-protected 
can be written. 


Note: 
Since the WPEN 
bit is write protected, 
it 
cannot 
be changed 
back to a "0", as long as 
the WP pin is held LOW. 


Clock 
and Data Timing 


Data input on the Slline 
is latched 
on the rising edge of 
SCK. Data is output on the SO line by the falling edge of 
SCK. 


Read Sequence 


When 
reading 
from the E2pROM 
memory 
array, CS is 
first pulled 
LOW to select 
the device. 
The 8-bit READ 
instruction 
is transmitted 
to the X25160, 
followed 
by the 
16-bit address 
of which 
the last 11 are used. After the 
READ opcode 
and address 
are sent, the data stored in 
the memory 
at the selected 
address 
is shifted out on the 
SO line. The data stored in memory 
at the next address 
can be read sequentially 
by continuing 
to provide 
clock 
pulses. The address 
is automatically 
incremented 
to the 
next higher address 
after each byte of data is shifted out. 


When 
the 
highest 
address 
is reached 
($07FF) 
the 
address 
counter 
rolls over to address 
$0000 
allowing 
the 
read cycle 
to be continued 
indefinitely. 
The 
read 
operation 
is terminated 
by taking CS HIGH. Refer to the 
read E2PROM 
array 
operation 
sequence 
illustrated 
in 
Figure 
1. 


To read the status register the CS line is first pulled LOW 
to select the device followed 
by the 8-bit RDSR instruc- 
tion. After the RDSR opcode 
is sent, the contents 
of the 
status 
register 
are shifted 
out on the SO line. The read 
status 
register 
sequence 
is illustrated 
in Figure 
2. 


Write Sequence 


Prior to any attempt 
to write data into the X25160, 
the 
"write 
enable" 
latch 
must 
first 
be set 
by issuing 
the 
WREN instruction 
(See Figure 3). CS is first taken LOW, 
then the WREN 
instruction 
is clocked 
into the X25160. 
After all eight bits of the instruction 
are transmitted, 
CS 
must then be taken HIG H. If the user conti nues the write 
operation 
without 
taking 
CS 
HIGH 
after 
issuing 
the 
WREN 
instruction, 
the write operation 
will be ignored. 


To write data to the E2pROM 
memory 
array, 
the user 
issues the WRITE 
instruction, 
followed 
by the address 
and then 
the data 
to be written. 
This 
is minimally 
a 
thirty-two 
clock operation. 
CS must go LOW and remain 
LOW for the duration 
of the operation. 
The 
host may 
continue 
to write up to 32 bytes of data to the X25160. 


The only restriction 
is the 32 bytes must reside 
on the 
same page. If the address 
counter 
reaches 
the end of 
the page and the clock continues, 
the counter 
will "roll 
over" to the first address 
of the page and overwrite 
any 
data that may have been written. 


For 
the 
write 
operation 
(byte 
or 
page 
write) 
to 
be 
completed, 
CS can only be brought 
HIGH after bit 0 of 
data byte N is clocked in. If it is brought 
HIGH at any other 
time the write operation 
will not be completed. 
Refer to 
Figures 
4 and 5 below for a detailed 
illustration 
of the 
write 
sequences 
and time 
frames 
in which 
CS going 
HIGH are valid. 


To write to the status 
register, 
the WRSR 
instruction 
is 
followed 
by the data to be written. 
Data bits 0, 1,4,5 
and 
6 must be "0". This sequence 
is shown 
in Figure 
6. 


While the write is in progress following a status register or 
E2pROM write sequence, the status register may be read to 
check the WIP bit. During this time the WIP bit will be HIGH. 


Hold Operation 


The HOLD 
input should 
be HIGH (at V1H) under normal 
operation. 
If a data transfer 
is to be interrupted 
HOLD 
can be pulled LOW to suspend 
the transfer 
until it can be 
resumed. 
The only restriction 
is the SCK input must be 
LOW when HOLD is first pulled LOW and SCK must also 
be LOW when HOLD is released. 


The HOLD input may be tied HIGH either directly 
to Vcc 
or tied to Vcc through 
a resistor. 


Operational Notes 


The X25160 powers-up in the following state: 


• The device is in the low power standby state. 


• A HIGH to LOW transition on CS is required to 


enter an active state and receive an instruction. 


• SO pin is high impedance. 


• The "write enable" latch is reset. 


Data Protection 


The following circuitry has been included to prevent 
inadvertent writes: 


• The "write enable" latch is reset upon power-up. 


• A WREN instruction must be issued to set the "write 


enable" latch. 


• CS must come HIGH at the proper clock count in 
order to start a write cycle. 
• 
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ABSOLUTE 
MAXIMUM 
RATINGS" 
Temperature 
under 
Bias 
-65°C 
to +135°C 
Storage 
Temperature 
-65°C 
to +150°C 
Voltage on any Pin with Respect to Vss 
-1Vto+7V 
D.C. Output 
Current 
5mA 
Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Temp 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


"COMMENT 
Stresses 
above those listed under "Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
This is a stress rating only and the functional 
operation 
of 
the device at these or any other conditions 
above those 
listed in the operational 
sections 
of this specification 
is 
not implied. 
Exposure 
to absolute 
maximum 
rating con- 
ditions for extended 
periods may affect device 
reliability. 


Supply 
Voltage 
Limits 


X25160 
5V±10% 


X25160-2.7 
2.7Vto 
5.5V 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test 
Conditions 


Ice 
Vee Supply Current (Active) 
5 
mA 
SCK = Vee x 0.1Nee 
x 0.9 @ 2M Hz, 


SO = Open, CS = VSS 


ISB 
Vee Supply Current (Standby) 
1 
/-lA 
CS = Vee, 
VIN = VSS or Vee 


III 
Input Leakage Current 
10 
/-lA 
VIN = VSS to Vee 


ILO 
Output Leakage Current 
10 
/-lA 
VOUT = VSS to Vee 
VIL(1) 
Input LOW Voltage 
-1 
VeexO.3 
V 
VIH(l) 
Input HIGH Voltage 
Veex 
0.7 
Vee + 0.5 
V 


VOU 
Output LOW Voltage 
0.4 
V 
Vee = 5V, IOL = 3mA 


VOH1 
Output HIGH Voltage 
Vee-0.8 
V 
Vee = 5V, IOH = -1.6mA 


VOL2 
Output LOW Voltage 
0.4 
V 
Vee = 3V, IOL = 1.5mA 


VOH2 
Output HIGH Voltage 
Vee-0.3 
V 
Vee = 3V, IOH = -O.4mA 


Symbol 
Parameter 
Min. 
Max. 
Units 


tPUR(3) 
Power-up 
to Read Operation 
1 
ms 


tpUW(3) 
Power-up 
to Write Operation 
5 
ms 


Symbol 
Test 
Max. 
Units 
Conditions 


COUT(2) 
Output 
Capacitance 
(SO) 
8 
pF 
VOUT= 
OV 
CIN(2) 
Input Capacitance 
(SCK, SI, CS, WP, HOLD) 
6 
pF 
VIN = OV 


(1) V1L min. and V1H max. are for reference only and are not tested. 
(2) This parameter is periodically sampled and not 100% tested. 
(3) tpURand tpuw are the delays required from the time Vcc is stable until the specified operation can be initiated. These parameters 
are periodically 
sampled and not 100% tested. 


3V 


1.64~K 
OUTPUT 


4.63Kn = 
100pF I 


Input Pulse Levels 
VCCxO.1 toVcCxO.9 


Input Rise and Fall Times 
10ns 


Input and Output Timing Level 
VCCxO.5 
1.44Kn 


OUTPUT -4-----, 


1.95Kn 
100pFI 
• 


A.C. CHARACTERISTICS (Over recommended 
operating 
conditions, 
unless otherwise 
specified) 


Data Input Timing 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCK 
Clock 
Frequency 
0 
2 
MHz 


tCYC 
Cycle Time 
500 
ns 


tLEAO 
CS Lead Time 
250 
ns 


tLAG 
CS Lag Time 
250 
ns 


tWH 
Clock HIGH Time 
200 
ns 


tWL 
Clock LOW Time 
200 
ns 


tsu 
Data Setup Time 
50 
ns 


tH 
Data Hold Time 
50 
ns 


tRI(4) 
Data In Rise Time 
2 
l-ls 


tFI(4) 
Data In Fall Time 
2 
l!S 


tHO 
HOLD Setup Time 
100 
ns 


tco 
HOLD Hold Time 
100 
ns 


tcs 
CS Deselect 
Time 
2.0 
l-ls 


tWC(5) 
Write Cycle Time 
10 
ms 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCK 
Clock Frequency 
0 
2 
MHz 


tOIS 
Output 
Disable 
Time 
250 
ns 


tv 
Output 
Valid from Clock LOW 
200 
ns 


tHO 
Output 
Hold Time 
0 
ns 


tRO(4) 
Output 
Rise Time 
100 
ns 


tFO(4) 
Output 
Fall Time 
100 
ns 


tLZ(4) 
HOLD 
HIGH to Output 
in Low Z 
100 
ns 


tHZ(4) 
HOLD 
LOW to Output 
in High Z 
100 
ns 


2Notes: 
(4) This parameter 
is periodically sampled and not 100% tested. 
(5) twc 
is the time from the rising edge of CS after a valid write sequence has been sent to the end of the self-timed internal 


nonvolatile write cycle. 


»))))))))))))))))))) 
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SYMBOL 
TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 


-.illT 
May change 
Will change 
from LOW 
from LOW 
to HIGH 
to HIGH 


~ 


May chan~e 
Will chan~e 
from HIG 
fromHIG 
to LOW 
to LOW 


XXXX 


Don't Care: 
Chan~ng: 


Changes 
State 
ot 
Allowed 
Known 
FJt-(fg 
N/A 
Center Line 
is High 
Impedance 


X25160T 


T 
-v1LV~Llml~ 
Blank = 5V ±1 0% 
2.7 = 2.7V to 5.5V 


Temperature 
Range 


. Blank = Commercial 
= O°C to +70°C 


I = Industrial = -40°C 
to +85°C 


M = Military = -55°C 
to + 125°C 


'------- 
Package 
P = 8-Lead 
Plastic 
DIP 
S = 8-Lead 
SOIC 
V = 14-Lead 
TSSOP 


x - 
P = 8-Lead 
Plastic 
DIP 
Blank = 8-Lead 
SOIC 


xL Blank = 5V ±10%, 
O°C to +70°C 
I = 5V ±1 0%, -40°C 
to +85°C 
F = 2.7V to 5.5V, O°C to +70°C 
G = 2.7V to 5.5V, -40°C 
to +85°C 


LIMITED WARRANTY 
Devices 
sold by Xicor, 
Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms of Sale only. Xicor, 
Inc. makes no warranty, 


express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent 
infringement. 


Xicor, Inc. makes no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 
prices at any time and without 
notice. 


Xicor, Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4,263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 


4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599.706; 
4,617,652; 
4,668.932; 
4,752,912; 
4,829, 482; 4,874, 
967; 4,883, 
976. Foreign 
patents and 
additional 
patents 
pending. 


LIFE RELATED 
POLICY 
In situations 
where 
semiconductor 
component 
failure may endanger 
life, system designers 
using this product should design the system 
with appropriate 
error 
detection 
and correction, 
redundancy 
and back-up 
features 
to prevent such an occurence. 


Xicor's products 
are not authorized 
for use in critical components 
in life support devices 
or systems. 
1. Ufe support 
devices 
or systems 
are devices 
or systems which, (a) are intended 
for surgical 
implant 
into the body, or (b) support 
or sustain 
life, and whose 
failure to perform, 
when properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 
injury to the user. 
2. A critical component 
is any component 
of a life support device or system whose failure to perform 
can be reasonably 
expected 
to cause the failure of the life 


support 
device 
or system, 
or to affect its safety or effectiveness. 


ApPLICATION 
NOTE 
AVAILABLE 
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• 2MHz Clock Rate 
• SPI Modes (0,0 & 1,1) 
• 4KX 8 Bits 
-32 
Byte Page Mode 
• Low Power CMOS 
-<1lJA 
Standby Current 
-<5mA 
Active Current During Write 
• 2.7V To 5.5V Power Supply 
• Block Lock Protection 
-Protect 
1/4,1/2 or all of E2pROM Array 
• Built-in Inadvertent Write Protection 
-Power-UplPower-Down 
protection circuitry 
- 
Write Enable Latch 
-Write 
Protect Pin 
• Self-Timed Write Cycle 
-5ms 
Write Cycle Time (Typical) 
• High Reliability 
-Endurance: 
100,000 cycles 
-Data 
Retention: 100 Years 
-ESD 
protection: 2000Von all pins 
• 8-Pin Mini-DIP Package 
• 8-Lead SOIC Package 
• 14-Lead TSSOP Package 


DESCRIPTION 


The 
X25320 
is a CMOS 
32768-bit 
serial 
E2pROM, 
internally 
organized 
as 4K x 8. The X25320 
features 
a 
Serial 
Peripheral 
Interface 
(SPI) and software 
protocol 
allowing 
operation 
on a simple three-wire 
bus. The bus 
signals are a clock input (SCK) plus separate 
data in (SI) 
and data out (SO) lines. Access 
to the device 
is con- 
trolled 
through 
a chip 
select 
(CS) 
input, 
allowing 
any 
number 
of devices 
to share the same 
bus. 
-- 


The 
X25320 
also 
features 
two 
additional 
inputs 
that 
provide the end user with added fleXibility. 
By asserting 
the HOLD input, the X25320 
will ignore transitions 
on its 
inputs, thus allowing 
the host to service 
higher 
priority 
interrupts. 
The WP input can be used as a hardwire 
input 
to the X25320 
disabling 
all write attempts 
to the status 
register, 
thus 
providing 
a mechanism 
for limiting 
end 
user capability 
of altering 0,1/4,1/2 
or all ofthe 
memory. 


The X25320 
utilizes 
Xicor's 
proprietary 
Direct Write™ 
cell, providing 
a minimum 
endurance 
of 100,000 
cycles 
and a minimum 
data retention 
of 100 years. 


so 


Sl 
SCK 
Cs 


HOLD 


PIN DESCRIPTIONS 


Serial Output (SO) 


SO is a push/pull serial data output pin. During a read 
cycle, data is shifted out on this pin. Data is clocked out 
by the falling edge of the serial clock. 


Serial Input (SI) 


SI is the serial data input pin. All opcodes, 
byte 


addresses, and data to be written to the memory are 
input on this pin. Data is latched bythe rising edge of the 
serial clock. 


Serial Clock (SCK) 


The Serial Clock controls the serial bus timing for data 
input and output. Opcodes, addresses, or data present 
on the SI pin are latched on the rising edge of the clock 
input, while data on the SO pin change after the falling 
edge of the clock input. 


Chip Select (CS) 


When CS is HIGH, the X25320 isdeselected and the SO 
output pin is at high impedance and unless an internal 
write operation is underway, the X25320 will be in the 
standby power mode. CS LOW enables the X25320, 
placing it in the active power mode. It should be noted 
that after power-on, a HIGH to LOW transition on CS is 
required prior to the start of any operation. 


Write Protect (WP) 


When WP is LOW and the nonvolatile bit WPEN is "1", 
nonvolatile writes to the X25320 status register are 
disabled, but the part otherwise functions normally. 
When WP is held HIGH, all functions, including nonvola- 
tile writes operate normally. WP going LOW while CS is 
still LOW will interrupt a write to the X25320 status 
register. If the internal write cycle has already been 
initiated, WP going LOW will have no effect on a write. 


The WP pin function is blocked when the WPEN bit in 
the status register is"0".This allows the userto installthe 
X25320 in a system with WP pin grounded and still be 
able to write to the status register. The WP pin functions 
will be enabled when the WPEN bit is set "1". 


Hold (HOLD) 


HOLD is used inconjunction with the CS pin to select the 
device. Once the part is selected and a serial sequence 
is underway, HOLD may be used to pause the serial 
communication with the controller without resetting the 
serial sequence. To pause, HOLD must be brought 
LOW while SCK is LOW. To resume communication, 
HOLD is brought HIGH, again while SCK is LOW. If the 
pause feature is not used, HOLD should be held HIGH 
at all times. 


PIN CONFIGURATION 


DIP/SOle 
cs 
1 
8 
vCC 
so 
2 
7 
HOLD 
wp 
X25320 
3 
6 
SCK 


vSS 
4 
5 
SI 


TSSOP 


CS 
1 
14 
vCC 
SO 
2 
13 
HOLD 
NC 
3 
12 
NC 
NC 
4 
X25320 
11 
NC 


NC 
5 
10 
NC 


wp 
6 
9 
SCK 
VSS 
7 
8 
SI 
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SYMBOL 
DESCRIPTION 


CS 
Chip Select Input 
SO 
Serial Output 
SI 
Serial Input 
SCK 
Serial Clock Input 


WP 
Write Protect Input 
Vss 
Ground 
Vcc 
Supply Voltage 
HOLD 
Hold Input 
NC 
No Connect 


PRINCIPLES 
OF OPERATION 


The X25320 
is a 4K x 8 E2pROM 
designed 
to interface 


directly 
with the synchronous 
serial peripheral 
interface 


(SPI) of many popular 
microcontroller 
families. 


The X25320 
contains 
an 8-bit instruction 
register. 
It is 


accessed 
via the SI input, with data being clocked 
in on 


the rising SCK. CS must be LOW and the HOLD and WP 
inputs 
must be HIGH 
during 
the entire 
operation. 
The 


WP input is "Don't 
Care" if WPEN 
is set "0". 


Table 
1 contains 
a list 
of the 
instructions 
and 
their 


opcodes. 
All instructions, 
addresses 
and data are trans- 
ferred 
MSB first. 


Data input is sampled 
on the first rising edge of SCK after 


CS goes LOW. 
SCK is static, allowing 
the user to stop 


the clock and then resume operations. 
If the clock line is 


shared with other peripheral 
devices 
on the SPI bus, the 


user can assert the HOLD input to place the X25320 
into 


a "PAUSE" 
condition. 
After releasing 
HOLD, the X25320 


will resume 
operation 
from the point when 
HOLD was 


first asserted. 


Write 
Enable 
Latch 


The X25320 
contains 
a "write enable" 
latch. This latch 


must be SET before a write operation 
will be completed 


internally. 
The WREN 
instruction 
will set the latch and 


the WRDI 
instruction 
will reset the latch. This 
latch is 


automatically 
reset upon a power-up 
condition 
and after 


the completion 
of a byte, page, or status 
register 
write 


cycle. 


Status 
Register 


The 
RDSR 
instruction 
provides 
access 
to the status 


register. 
The status 
register 
may be read at any time, 


even during a write cycle. The status 
register 
is format- 


ted as follows: 


WPEN, 
BPO and BP1 are set by the WRSR 
instruction. 


WEL and WIP are read-only 
and automatically 
set by 


other operations. 


The Write-In-Process 
(WIP) 
bit indicates 
whether 
the 


X25320 
is busy with a write operation. 
When set to a "1", 


a write 
is in progress, 
when 
set to a "0", no write 
is in 


progress. 
During a write, all other bits are set to "1". 


The Write Enable Latch (WEL) bit indicates 
the status of 


the "write enable" latch. When set to a "1 ", the latch is set, 
when set to a "0", the latch is reset. 


The Block 
Protect 
(BPO and BP1) 
bits are nonvolatile 


and allow the user to select one of four levels of protec- 
tion. The X25320 
is divided 
into four 8192-bit 
segments. 


One, two, or all four of the segments 
may be protected. 


That 
is, the user 
may 
read the segments 
but will be 


unable to alter (write) data within the selected 
segments. 


The partitioning 
is controlled 
as illustrated 
below. 


Status 
Register 
Bits 
Array 
Addresses 


BP1 
BPO 
Protected 
a 
a 
None 
a 
1 
$OCOQ-$OFFF 


1 
a 
$0800-$OFFF 


1 
1 
$OOOO-$OFFF 


Instruction 
Name 
Instruction 
Format' 
Operation 


WREN 
0000 
0110 
Set the Write Enable 
Latch (Enable 
Write Operations) 


WRDI 
0000 
0100 
Reset the Write Enable 
Latch (Disable 
Write Operations) 


RDSR 
0000 0101 
Read Status 
Register 


WRSR 
0000 0001 
Write Status 
Register 


READ 
0000 
0011 
Read Data from Memory 
Array beginning 
at selected 
address 


WRITE 
0000 
0010 
Write Data to Memory 
Array beginning 
at Selected 
Address 


(1 to 32 Bytes) 


• 


Write-Protect 
Enable 


The Write-Protect-Enable 
(WPEN) 
is available 
for the 
X25320 
as a nonvolatile 
enable 
bit for the WP pin. 


WPEN 
WP 
WEL 
Blocks 
Blocks 
Register 


0 
X 
0 
Protected 
Protected 
Protected 
0 
X 
1 
Protected 
Writable 
Writable 


1 
LOW 
0 
Protected 
Protected 
Protected 


1 
LOW 
1 
Protected 
Writable 
Protected 


X 
HIGH 
0 
Protected 
Protected 
Protected 


X 
HIGH 
1 
Protected 
Writable 
Writable 
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The Write 
Protect 
(WP) 
pin and the nonvolatile 
Write 
Protect Enable (WPEN) 
bit in the Status Registercontrol 
the programmable 
hardware 
write protect feature. Hard- 
ware write protection 
is enabled 
when WP pin is LOW, 
and the WPEN 
bit is "1". Hardware 
write 
protection 
is 
disabled 
when either the WP pin is HIGH or the WPEN 
bit is "0". When 
the chip 
is hardware 
write 
protected, 
nonvolatile 
writes 
are disabled 
to the Status 
Register, 
including 
the Block Protect 
bits and the WPEN 
bit itself, 
as well as the block-protected 
sections 
in the memory 
array. Only the sections 
of the memory array that are not 
block-protected 
can be written. 


Note: 
Since the WPEN 
bit is write protected, 
it 
cannot 
be changed 
back to a "0", as long as 
the WP pin is held LOW. 


Clock 
and Data Timing 


Data input on the Slline 
is latched 
on the rising edge of 
SCK. Data is output on the SO line by the falling edge of 
SCK. 


Read Sequence 


When 
reading 
from the E2pROM 
memory 
array, CS is 


first pulled 
LOW to select 
the device. 
The 8-bit READ 
instruction 
is transmitted 
to the X25320, 
followed 
by the 
16-bit address 
of which 
the last 12 are used. After the 
READ opcode 
and address 
are sent, the data stored in 
the memory 
at the selected 
address 
is shifted out on the 
SO line. The data stored 
in memory 
at the next address 
can be read sequentially 
by continuing 
to provide 
clock 
pulses. The address 
is automatically 
incremented 
to the 
next higher address 
after each byte of data is shifted out. 


When 
the 
highest 
address 
is 
reached 
($OFFF) 
the 
address 
counter 
rolls over to address 
$0000 
allowing 
the 
read cycle 
to be continued 
indefinitely. 
The 
read 
operation 
is terminated 
by taking CS HIGH. Refer to the 
read E2pROM 
array 
operation 
sequence 
illustrated 
in 
Figure 
1. 


To read the status register the CS line is first pulled LOW 
to select the device followed 
by the 8-bit RDSR instruc- 
tion. After the RDSR opcode 
is sent, the contents 
of the 
status register 
are shifted 
out on the SO line. The read 
status 
register 
sequence 
is illustrated 
in Figure 
2. 


Write Sequence 


Prior to any attempt 
to write data into the X25320, 
the 
"write 
enable" 
latch 
must 
first 
be set 
by issuing 
the 
WREN instruction 
(See Figure 3). CS is first taken LOW, 


then the WREN 
instruction 
is clocked 
into the X25320. 


After all eight bits of the instruction 
are transmitted, 
CS 
must then be taken HIGH. If the user continues 
the write 
operation 
without 
taking 
CS 
HIGH 
after 
issuing 
the 
WREN 
instruction, 
the write operation 
will be ignored. 


To write data to the E2pROM 
memory 
array, 
the user 
issues the WRITE 
instruction, 
followed 
by the address 
and then 
the data 
to be written. 
This 
is minimally 
a 
thirty-two 
clock operation. 
CS must go LOW and remain 
LOW for the duration 
of the operation. 
The 
host may 
continue 
to write up to 32 bytes of data to the X25320. 


The only restriction 
is the 32 bytes must reside 
on the 
same 
page. If the address 
counter 
reaches 
the end of 
the page and the clock continues, 
the counter 
will "roll 
over" to the first address 
of the page and overwrite 
any 
data that may have been written. 


For 
the 
write 
operation 
(byte 
or 
page 
write) 
to 
be 
completed, CS can only be brought HIGH after bit 0 of data 
byte N is clocked in. If it is brought HIGH at any othertime the 
write operation will not be completed. 
Referto Figures 4 and 
5 below for a detailed illustration of the write sequences and 
time frames in which CS going HIGH are valid. 


To write to the status 
register, 
the WRSR 
instruction 
is 
followed 
by the data to be written. 
Data bits 0, 1,4, 5 and 
6 must be "0". This sequence 
is shown 
in Figure 
6. 


While the write is in progress 
following 
a status 
register 
or E2pROM 
write sequence, 
the status 
register 
may be 
read to check the WI P bit. During this time the WIP bit will 
be HIGH. 


Hold Operation 


The HOLD input should 
be HIGH (at V1H) 
under normal 
operation. 
If a data transfer 
is to be interrupted 
HOLD 
can be pulled LOW to suspend 
the transfer 
until it can be 
resumed. 
The only restriction 
is the SCK input must be 
LOW when HOLD is first pulled LOW and SCK must also 
be LOW when HOLD is released. 


The HOLD input may be tied HIGH either directly to Vcc 
or tied to Vcc through 
a resistor. 


Operational Notes 


The X25320 powers-up In the following state: 


• The device is in the low power standby state. 


• A HIGH to LOW transition on CS is required to 


enter an active state and receive an instruction. 


• SO pin is high impedance. 


• The "write enable" latch is reset. 


Data Protection 


The following circuitry has been included to prevent 
inadvertent writes: 


• The "write enable" latch is reset upon power-up. 


• A WREN instruction must be issued to set the "write 
enable" latch. 


• CS must come HIGH at the proper clock count in 
~ 
order to start a write cycle. 
••• 
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ABSOLUTE MAXIMUM RATINGS· 
Temperature 
under 
Bias 
-65°C 
to +135°C 
Storage 
Temperature 
-65°C 
to + 150°C 
Voltage on any Pin with Respect to VSS 
-1Vto+7V 
D.C. Output 
Current 
5mA 
Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Temp 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


·COMMENT 
Stresses 
above those listed under "Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
This is a stress rating only and the functional 
operation 
of 
the device at these or any other conditions 
above those 
listed in the operational 
sections 
of this specification 
is 
not implied. 
Exposure 
to absolute 
maximum 
rating con- 
ditions for extended 
periods may affect device reliability. 


Supply Voltage 
Limits 


X25320 
5V±10% 


X25320-2.7 
2.7Vto 
5.5V 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Ice 
Vee Supply Current (Active) 
5 
mA 
SCK = Vee x 0.1Nee 
x 0.9 @ 2M Hz, 


SO = Open, CS = VSS 


IS8 
Vee 
Supply Current (Standby) 
1 
I!A 
CS = Vee. 
VIN = VSS or Vee 


III 
Input Leakage Current 
10 
I!A 
VIN = VSS to Vee 


ILO 
Output Leakage Current 
10 
I!A 
VOUT = VSS to Vee 
VIL(1) 
Input LOW Voltage 
-1 
Veex 
0.3 
V 
VIH(1) 
Input HIGH Voltage 
Veex 
0.7 
Vee+ 
0.5 
V 


VOU 
Output LOW Voltage 
0.4 
V 
Vee = 5V. IOL = 3mA 


VOH1 
Output HIGH Voltage 
Vee-0.8 
V 
Vee = 5V. IOH = -1.6mA 


VOL2 
Output LOW Voltage 
0.4 
V 
Vee = 3V. IOL = 1.5mA 


VOH2 
Output HIGH Voltage 
Vee-0.3 
V 
Vee = 3V. IOH = -O.4mA 


Symbol 
Parameter 
Min. 
Max. 
Units 
tPUR(3) 
Power-up 
to Read Operation 
1 
ms 


tpUW(3) 
Power-up 
to Write Operation 
5 
ms 


Symbol 
Test 
Max. 
Units 
Conditions 


COUT(2) 
Output 
Capacitance 
(SO) 
8 
pF 
VOUT= 
OV 
CIN(2) 
Input Capacitance 
(SCK, SI, CS. WP. HOLD) 
6 
pF 
VIN = OV 


(1) V1L min. and V1H max. are for reference only and are not tested. 
(2) This parameter is periodically sampled and not 100% tested. 
(3) tpURand tpuw are the delays required from the time Vcc is stable until the specified operation can be initiated. These parameters 


are periodically sampled and not 100% tested. 


5V 


1.44.~Q 
OUTPUT 


1.95KQ = 
100pF J 


3V 


1.64~ 
OUTPUT 


4.63Kn = 
100pF J 


Input Pulse Levels 
VCCxO.1 
toVcCxO.9 


Input Rise and Fall Times 
10ns 


Input and Output Timing Level 
VCCxO.5 • 


A.C. CHARACTERISTICS (Over recommended 
operating 
conditions, 
unless otherwise 
specified) 


Data Input Timing 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCK 
Clock 
Frequency 
0 
2 
MHz 


tCYC 
Cycle Time 
500 
ns 


tLEAO 
CS Lead Time 
250 
ns 


tLAG 
CS Lag Time 
250 
ns 


tWH 
Clock HIGH Time 
200 
ns 


tWL 
Clock 
LOW Time 
200 
ns 


tsu 
Data Setup Time 
50 
ns 


tH 
Data Hold Time 
50 
ns 


tRI(4) 
Data In Rise Time 
2 
J.l.s 


tFJ(4) 
Data In Fall Time 
2 
J.l.s 


tHO 
HOLD Setup Time 
100 
ns 


tco 
HOLD Hold Time 
100 
ns 


tcs 
CS Deselect 
Time 
2.0 
J.l.s 


twd5) 
Write Cycle Time 
10 
ms 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCK 
Clock 
Frequency 
0 
2 
MHz 


tOIS 
Output 
Disable 
Time 
250 
ns 


tv 
Output 
Valid from Clock LOW 
200 
ns 


tHO 
Output 
Hold Time 
0 
ns 


tRO(4) 
Output 
Rise Time 
100 
ns 


tFO(4) 
Output 
Fall Time 
100 
ns 
tLZ(4) 
HOLD 
HIGH to Output 
in Low Z 
100 
ns 


tHZ(4) 
HOLD 
LOW to Output 
in High Z 
100 
ns 


Notes: 
(4) This parameter 
is periodically sampled and not 100% tested. 


(5) twe 
is the time from the rising edge of CS after a valid write sequence has been sent to the end of the self-timed 
intemal 
nonvolatile 
write cycle. 


i 


lOIS 


____ 
x 
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SYMBOL 
TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 


steady 
steady 


-.illT 
MaYCha&e 
Will change 
fromLO 
from LOW 
to HIGH 
to HIGH 


~ 


Maychan~e 
Will change 


from HIG 
from HIGH 
to LOW 
to LOW 


XXXX 


Don't Care: 
Changing: 


Changes 
State Not 
Allowed 
Known 


U1t4£ 


N/A 
Center Line 
is High 
Impedance 


X25320 
_T 


T 
-v1Lvceum;•• 
Blank = 5V ±1 D% 
2,7 = 2.7V to 5.5V 


Temperature 
Range 
Blank = Commercial 
= DOCto +7DoC 
I = Industrial 
= -4DoC to +85°C 


M = Military = -55°C 
to + 125°C 


L- 
Package 


P = 8-Lead 
Plastic 
DIP 
S = 8-Lead 
SOIC 
V = 14-Lead 
TSSOP 


x - 
P = 8-Lead 
Plastic 
DIP 
Blank = 8-Lead 
SOIC 


xL Blank = 5V ±1D%, DOCto +7DoC 
1= 5V ±1D%, -4DoC to +85°C 
F = 2.7V to 5.5V, DOCto +7DoC 
G = 2.7V to 5.5V, -4DoC to +85°C 


LIMITED WARRANTY 


Devices 
sold by Xicar, 
Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms of Sale only. Xicor, Inc. makes no warranty, 
express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent 
infringement. 


Xicor, Inc. makes 
no warranty 
01 merchantability 
or fitness for any purpose. 
Xicor, Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 
prices at any time and without 
notice. 


Xicor, Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4,263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 


4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 967; 4,883, 
976. Foreign 
patents 
and 
additional 
patents 
pending. 


LIFE RELATED 
POLICY 


In situations 
where 
semiconductor 
component 
failure may endanger 
life, system designers 
using this product should design the system 
with appropriate 
error 
detection 
and correction, 
redundancy 
and back-up 
features 
to prevent such an occurence. 


Xicor's products 
are not authorized 
for use in critical components 
in life support devices 
or systems. 


1. Lite support 
devices 
or systems 
are devices 
or systems 
which, (a) are intended 
for surgical 
implant 
into the body, or (b) support 
or sustain 
life, and whose 
failure to perform, 
when properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 
injury to the user. 


2. A critical 
component 
is any component 
of a life support device or system whose failure to perform 
can be reasonably 
expected 
to cause the failure of the life 
support 
device 
or system, 
or to affect its safety or effectiveness. 


• 
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Design Engineering Bulletin 


The X25640 Breaks The Speed Record For 64K 
Serial E2pROM Device Data Transfer 
U 


ntil the introduction of the X25640 64K serial 
E2PROM from Xicor, microcontroller 
program 


execution had to be slowed down by inserting No Op 
instructions into the interface software to match the low 
speed of previously available serial interfaceE2PROMs. 
The X25640 alleviates 
this problem by providing a 
random 
byte read transfer 
rate of 64.4K Bytes/see 


which represents 
an order of magnitude 
increase in 


performance over previously available serial devices. 
This new breed of serial E2PROM devices address the 
"need for speed" and at the same time offer higher 
density and superior non volatile data protection. 
The 
SPI (Serial Peripheral Interface) coupled with an ad- 
vanced chip architecture 
makes this device stand out 


above the previous generation of serial E2PROM de- 
vices. 


7.5- 
ol2C(100KHZ) 


1985 
1990 


High density serial data transmission 
keeps pace with advanced 


pC speeds. 


Superior Hardware and Software Data Protection 
Is Made Possible With the X25640 SPI E2pROM 


,....-,he X25640 is the first of a new advanced 
.1family of serial E2PROMS which offer a 
Programmable hardware Write Protect pin com- 
bined with the software ability to "lock down" 
portions 
of the memory 
array. 
This feature 


provides the ability to combine user alterable 
data with manufacturer secured data. The sys- 
tem designer can define specific portions of the 
memory area for storing configuration or serial- 
ization data and protecting it from inadvertent or 
intrusive data changes once the system is in user 
control while allowing the user the ability to 
access other parts of the memory for normal data 
alteration. The configuration for memory array 
protection is defined by programming two non- 
volatile bits in the device status register. 
With 


these two bits, one quarter, one half or all of the 
memory array maybe configured for write pro- 
tection. 


$ססoo 
BLOCK 0 


ADDRESS 
soaoo 
POINTER 
BLOCK 1 


BlOCKLOCK 


$1000 
CONmOl 


LOGIC 


BLOCK 2 


$1800 
BLOCK 
3 


S1FFF 


"Lockdown" 
system configuration 
of manufacturing 
data to 


prevent accidental 
or intentional 
user alteration. 


APPLICATION 
NOTES 


AVAILABLE 


AN19· 
AN38· 
AN41 • AN61 
iCOP 


® 


• 1MHz Clock Rate 
• Low Power CMOS 


-200flA 
Standby 
Current 


-5mA 
Active 
Current 


• 5 Volt Power Supply 
• 8-Pin Mini-DIP 
Package 


• 150 Mil, Narrow SOIC Package 
• SPI Modes (0,0 & 1,1) 
• 8K X 8 Bits 


-32 
Byte Page Mode 


• Block 
Lock Protection 


-Protect 
1/4, 1/2 or all of E2pROM Array 


• Built-in 
Inadvertent 
Write Protection 


-Power-Up/Power-Down 
protection 
circuitry 


-Write 
Enable Latch 


-Write 
Protect 
Pin 


• Self-Timed 
Write Cycle 


-5ms 
Write Cycle Time (Typical) 


• High Reliability 


-Endurance: 
100,000 cycles 


-Data 
Retention: 
100 Years 


-ESD 
protection: 
2000V on all pins 


DESCRIPTION 


The 
X25640 
is a CMOS 
65,536-bit 
serial 
E2pROM,. 


internally 
organized 
as 8K x 8. The X25640 
features 
a 


Serial Peripheral 
Interface 
(SPI) and software 
protocol 
allowing 
operation 
on a simple 
three-wire 
bus. The bus 
signals are a clock input (SCK) plus separate 
data in (SI) 
and data out (SO) lines. Access 
to the device 
is con- 


trolled 
through 
a chip 
select 
(CS) 
input, 
allowing 
any 


number 
of devices 
to share the same 
bus. • 


The 
X25640 
also 
features 
two 
additional 
inputs 
that 


provide the end user with added flexibility. 
By asserting 


the HOLD input, the X25640 
will ignore transitions 
on its 


inputs, thus allowing 
the host to service 
higher 
priority 


interrupts. 
The WP input can be used as a hardwire 
input 


to the X25640 
disabling 
all write attempts 
to the status 


register, 
thus 
providing 
a mechanism 
for limiting 
end 


user capability 
of altering 0,1/4,1/2 
or all of the memory. 


The X25640 
utilizes 
Xicor's 
proprietary 
Direct Write™ 
cell, providing 
a minimum 
endurance 
of 100,000 cycles 
and a minimum 
data retention 
of 100 years. 


so 


51 


5CK 
cs 


HOLD 


WRITE 
CONTROL 


AND 
TIMING 
LOGIC 


PIN DESCRIPTIONS 


Serial Output (SO) 


SO is a push/pull serial data output pin. During a read 
cycle, data is shifted out on this pin. Data is clocked out 
by the falling edge of the serial clock. 


Serial Input (SI) 


SI is the serial data input pin. All opcodes, 
byte 
addresses, and data to be written to the memory are 
input on this pin. Data is latched by the rising edge of the 
serial clock. 


Serial Clock (SCK) 


The Serial Clock controls the serial bus timing for data 
input and output. Opcodes, addresses, or data present 
on the SI pin are latched on the rising edge of the clock 
input, while data on the SO pin change after the falling 
edge of the clock input. 


Chip Select (CS) 


When CS is HIGH, the X25640 isdeselected and the SO 
output pin is at high impedance and unless an internal 
write operation is underway, the X25640 will be in the 
standby power mode. CS LOW enables the X25640, 
placing it in the active power mode. It should be noted 
that after power-up, a HIGH to LOW transition on CS is 
required prior to the start of any operation. 


Write Protect (WP) 


When WP is LOW and the nonvolatile bit WPEN is high, 
nonvolatile writes to the X25640 status register are 
disabled, but the part otherwise functions normally. 
When WP is held HIGH, all functions, including nonvola- 
tile writes operate normally. WP going LOW while CS is 
still LOW will interrupt a write to the X25640 status 
register. If the internal write cycle has already been 
initiated, WP going LOW will have no affect on a write. 


The WP pin function is blocked when the WPEN bit in 
the status register is LOW. This allows the user to install 
the X25640 in a system with WP pin grounded and still 
be able to write to the status register. The WP pin 
functions will be enabled when the WPEN bit is set "1n. 


Hold (HOLD) 


HOLD is used in conjunction with the CS pin to select the 
device. Oncethe part isselected and a serial sequence is 
underway, HOLD may be used to pause the serial 
communication with the controller without resetting the 
serial sequence. To pause, HOLD must be brought LOW 
while SCK is LOW. To resume communication, HOLD is 
brought HIGH, again while SCK is LOW. If the pause 
feature is not used, HOLD should be held HIGH at all 
times. 


DIP 
cs 
1 
8 
VCC 
SO 
2 
7 
HOLD 


wp 
X25640 
3 
6 
SCK 


VSS 
4 
5 
SI 


sOle 


NC 
1 
14 
NC 
NC 
2 
13 
NC 
CS 
3 
12 
VCC 
SO 
4 
X25640 
11 
HOLD 


wp 
5 
10 
SCK 
VSS 
6 
9 
SI 


NC 
7 
8 
NC 
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Symbol 
Description 
CS 
Chip Select Input 
SO 
Serial Output 
SI 
Serial Input 
SCK 
Serial Clock Input 
WP 
Write Protect Input 
Vss 
Ground 
Vcc 
Supply Voltage 
HOLD 
Hold Input 
NC 
No Connect 


PRINCIPLES OF OPERATION 


The X25640 
is a 8K x 8 E2pROM 
designed 
to interface 
directly with the synchronous 
serial peripheral 
interface 


(SPI) of many popular 
microcontroller 
families. 


The X25640 
contains 
an 8-bit instruction 
register. 
It is 


accessed 
via the SI input, with data being clocked 
in on 


the rising SCK. CS must be LOW and the HOLD and WP 
inputs must be HIGH during the entire operation. 


Table 
1 contains 
a list 
of the 
instructions 
and 
their 


opcodes. 
All instructions, 
addresses 
and data are trans- 


ferred 
MSB first. 


Data input is sampled 
on the first rising edge of SCK after 


CS goes LOW. 
SCK is static, allowing 
the user to stop 


the clock and then resume operations. 
If the clock line is 


shared with other peripheral 
devices on the SPI bus, the 


user can assert the HOLD input to place the X25640 
into 


a "PAUSE" 
condition. 
After releasing 
HOLD, the X25640 


will resume 
operation 
from the point when 
HOLD was 


first asserted. 


Write Enable Latch 


The X25640 
contains 
a "write enable" 
latch. This latch 


must be SET before a write operation 
will be completed 


internally. 
The WREN 
instruction 
will set the latch and 


the WRDI 
instruction 
will reset the latch. This 
latch is 


automatically 
reset upon a power-up 
condition 
and after 


the completion 
of a byte, page, or status 
register 
write 


cycle. 


Status Register 


The 
RDSR 
instruction 
provides 
access 
to the 
status 


register. 
The status 
register 
may be read at any time, 


even during a write cycle. The status 
register 
is format- 


ted as follows: 


WPEN, 
BPO and BP1 are set by the WRSR 
instruction. 


WEL 
and WIP are read-only 
and automatically 
set by 
other operations. 


The Write-In-Process 
(WIP) 
bit indicates 
whether 
the 
X25640 
is busy with a write operation. 
When settoa 
"1", 


a write 
is in progress, 
when 
set to a "0", no write 
is in 
progress. 
During a write, all other bits are set to "1". 


The Write Enable Latch (WEL) bit indicates 
the status of 


the "write enable" latch. When setto a "1 ", the latch isset, 
when set to a "0", the latch is reset. 


The Block 
Protect 
(BPO and BP1) bits are nonvolatile 


and allow the user to select one of four levels of protec- 
tion. 
The 
X25640 
is divided 
into four 
16384-bit 
seg- 


ments. 
One, two, 
or all four of the segments 
may be 


protected. 
That is, the user may read the segments 
but 


will be unable 
to alter (write) 
data within 
the selected 


segments. 
The partitioning 
is controlled 
as illustrated 
below. 


Status Register Bits 
Array Addresses 
BP1 
BPO 
Protected 


0 
0 
None 


0 
1 
$1800-$1FFF 


1 
0 
$1000-$1FFF 


1 
1 
$0000-$1FFF 


Instruction Name 
Instruction Format' 
Operation 


WREN 
0000 
0110 
Set the Write 
Enable 
Latch (Enable 
Write Operations) 


WRDI 
0000 
0100 
Reset the Write 
Enable 
Latch (Disable 
Write Operations) 


RDSR 
00000101 
Read Status 
Register 


WRSR 
00000001 
Write Status 
Register 


READ 
0000 
0011 
Read Data from Memory 
Array beginning 
at selected 
address 


WRITE 
0000 
0010 
Write Data to Memory 
Array beginning 
at Selected 
Address 


(1 to 32 Bytes) 


Write-Protect 
Enable 


The Write-Protect-Enable 
(WPEN) 
is available 
for the 
X25640 
as a nonvolatile 
enable 
bit for the WP pin. 


Protected 
Unprotected 
Status 
WPEN 
WP 
WEL 
Blocks 
Blocks 
Register 


0 
X 
0 
Protected 
Protected 
Protected 


0 
X 
1 
Protected 
Writable 
Writable 


1 
LOW 
0 
Protected 
Protected 
Protected 


1 
LOW 
1 
Protected 
Writable 
Protected 


X 
HIGH 
0 
Protected 
Protected 
Protected 


X 
HIGH 
1 
Protected 
Writable 
Writable 
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The Write 
Protect 
(WP) 
pin and the nonvolatile 
Write 
Protect Enable (WPEN) 
bit in the Status Registercontrol 
the programmable 
hardware 
write protect feature. Hard- 
ware write protection 
is enabled 
when WP pin is LOW, 
and the WPEN 
bit is "1". Hardware 
write 
protection 
is 
disabled 
when either the WP pin is HIGH or the WPEN 
bit is "0". When 
the chip 
is hardware 
write 
protected, 
nonvolatile 
writes 
are disabled 
to the Status 
Register, 
including 
the Block Protect 
bits and the WPEN 
bit itself, 
as well as the block-protected 
sections 
in the memory 
array. Only the sections 
of the memory array that are not 
block-protected 
can be written. 


Note: 
Since the WPEN 
bit is write protected, 
it cannot 
be changed 
back to a "0", as long as the WP 
pin is held LOW. 


Clock 
and 
Data Timing 


Data input on the Slline 
is latched on the rising edge of 
SCK. Data is output on the SO line by the falling edge of 
SCK. 


Read Sequence 


When 
reading 
from the E2pROM 
memory 
array, CS is 
first pulled 
LOW to select 
the device. 
The 8-bit READ 
instruction 
is transmitted 
to the X25640, 
followed 
by the 
16-bit address 
of which 
the last 13 are used. After the 
READ opcode 
and address 
are sent, the data stored in 
the memory 
at the selected 
address 
is shifted out on the 
SO line. The data stored 
in memory 
at the next address 
can be read sequentially 
by continuing 
to provide 
clock 
pulses. 
The 
address 
is automatically 
incremented 
to 
the 
next 
higher 
address 
after 
each 
byte 
of data 
is 
shifted 
out. 
When 
the 
highest 
address 
is 
reached 
($1 FFF) 
the 
address 
counter 
rolls 
over 
to address 
$0000 
allowing 
the read cycle 
to be continued 
indefi- 
nitely. 
The 
read operation 
is terminated 
by taking 
CS 
HIGH. 
Refer 
to 
the 
read 
E2pROM 
array 
operation 
sequence 
illustrated 
in Figure 
1. 


To read the status register the CS line is first pulled LOW 
to select the device followed 
by the 8-bit RDSR 
instruc- 
tion. After the RDSR opcode 
is sent, the contents 
of the 
status 
register 
are shifted 
out on the SO line. Figure 
2 
illustrates 
the read status 
register 
sequence. 


Write 
Sequence 


Prior to any attempt 
to write data into the X25640, 
the 
"write 
enable" 
latch 
must 
first 
be set 
by issuing 
the 
WREN instruction 
(See Figure 3). CS is first taken LOW, 


then the WREN 
instruction 
is clocked 
into the X25640. 
After all eight bits of the instruction 
are transmitted, 
CS 
must then be taken HIGH. If the user continues 
the write 
operation 
without 
taking 
CS 
HIGH 
after 
issuing 
the 
WREN 
instruction, 
the write operation 
will be ignored. 


To write data to the E2pROM 
memory 
array, 
the user 
issues the WRITE instruction, followed by the address and 
then the data to be written. This is minimally 
a thirty-two 
clock operation. CS must go LOW and remain LOW forthe 
duration ofthe operation. The host may continue to write up 
to 32 bytes of data to the X25640. The only restriction is the 
32 bytes must reside on the same page. If the address 
counter reaches the end of the page and the clock contin- 
ues, the counter will "roll over" to the first address 
of the 
page and overwrite any data that may have been written. 


For 
the 
write 
operation 
(byte 
or 
page 
write) 
to 
be 
completed, 
CS can only be brought 
HIGH after bit 0 of 
data byte N is clocked in. If it is brought 
HIGH at any other 
time the write operation 
will not be completed. 
Refer to 
Figures 
4 and 5 below 
for a detailed 
illustration 
of the 
write 
sequences 
and time 
frames 
in which 
CS going 
HIGH are valid. 


To write to the status 
register, 
the WRSR 
instruction 
is 
followed 
by the data to be written. 
Data bits 0, 1,4,5 
and 
6 must be "0". Figure 6 illustrates 
this sequence. 


While the write is in progress 
following 
a status 
register 
or E2pROM 
write sequence, 
the status 
register 
may be 
read to check the WI P bit. During this time the WIP bit will 
be HIGH. 


Hold 
Operation 


The HOLD input should 
be HIGH (at VI H) under normal 


operation. 
If a data transfer 
is to be interrupted 
HOLD 
can be pulled LOW to suspend 
the transfer 
until it can be 
resumed. 
The only restriction 
is the SCK input must be 
LOW when HOLD is first pulled LOW and SCK must also 
be LOW when HOLD 
is released. 


The HOLD input may be tied HIGH either directly to Vcc 
or tied to Vcc through 
a resistor. 


Operational Notes 


The X25640 powers-up in the following state: 


• The device is in the low power standby state. 


• A HIGH to LOW transition on CS is required to 


enter an active state and receive an instruction. 


• SO pin is high impedance. 


• The "write enable" latch is reset. 


Data Protection 


The following circuitry has been included to prevent 
inadvertent writes: 


• The "write enable" latch is reset upon power-up. 


• A WREN instruction must be issued to set the "write 


enable" latch. 


• CS must come HIGH at the proper clock count in 


order to start a write cycle. 
-- 


-------~! 


Figure 3. Write Enable Latch Sequence 


cs 
\~ 
/ 


Sl~_~ 


_____________ 
r 


_____________ 
r 


...J1JUUlJlfUL 


~. 
O 
••• 
~ 


3089ILLF07 


-- 
~I 


• 


ABSOLUTE 
MAXIMUM 
RATINGS' 
Temperature 
under 
Bias 
-65°C 
to +135°C 


Storage 
Temperature 
-65°C 
to +150°C 
Voltage on any Pin with Respect to VSS 
-1Vto 
+7V 
D.C. Output 
Current 
5mA 


Lead Temperature 


(Soldering, 
10 seconds) 
300°C 


Temp 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


'COMMENT 
Stresses 
above those listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 


listed in the operational 
sections 
of this specification 
is 


not implied. 
Exposure 
to absolute 
maximum 
rating con- 


ditions for extended 
periods may affect device 
reliability. 


Supply 
Voltage 


X25640 


Limits 


5V ±10% 


3089 
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Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Ice 
Vee 
Supply 
Current 
(Active) 
5 
mA 
SCK=VeexO.1NeexO.9 
@ 1MHz, 


SO = Open, 
CS = VSS 


19B' 
Vee Supply Current (Standby) 
200 
~A 
CS = Vee, 
VIN = VSS or Vee 
- 0.3V 


Vee 
= 5.5V 


VOH2 
Output 
High Voltage 
Vee - OA 
V 
IOH = -OAmA 


III 
Input Leakage 
Current 
10 
~A 
VIN = Vss 
to Vee 


ILO 
Output 
Leakage 
Current 
10 
~A 
VOUT = Vss 
to Vee 


VIL(1) 
Input LOW Voltage 
-1 
Vee 
x 0.3 
V 


VIH(1) 
Input HIGH Voltage 
Vee 
x 0.7 
Vee + 0.5 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL= 
2mA 


VOH1 
Output 
HIGH Voltage 
Vee-0.8 
V 
IOH = -1mA 


Symbol 
Parameter 
Min. 
Max. 
Units 


tPUR(3) 
Power-up 
to Read Operation 
1 
ms 


tpUW(3) 
Power-up 
to Write Operation 
5 
ms 


Symbol 
Test 
Max. 
Units 
Conditions 


COUT(2) 
Output 
Capacitance 
(SO) 
8 
pF 
VOUT= 
OV 
CIN(2) 
Input Capacitance 
(SCK, SI, CS, WP, HOLD) 
6 
pF 
VIN = OV 


Notes: 
(1) V,L min. and V'H max. are for reference only and are not tested. 
(2) This parameter 
is periodically sampled and not 100% tested. 
(3) tpURand tpuw are the delays required from the time Vcc is stable until the specified operation can be initiated. 
These parameters 


are periodically 
sampled and not 100% tested. 


Input Pulse Levels 
VCCxO.1 toVccxO.9 


Input Rise and Fall Times 
10ns 


Input and Output Timing Level 
VCcxO.5 


r100PF 
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A.C. CHARACTERISTICS 
(Over recommended 
operating 
conditions, 
unless otherwise 
specified) 


Data Input 
Timing 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCK 
Clock Frequency 
0 
1 
MHz 


tCYC 
Cycle Time 
1000 
ns 


tLEAD 
CS Lead Time 
500 
ns 


tLAG 
CS Lag Time 
500 
ns 


tWH 
Clock HIGH Time 
400 
ns 


tWL 
Clock LOW Time 
400 
ns 


tsu 
Data Setup Time 
100 
ns 


tH 
Data Hold Time 
100 
ns 


tRI(3) 
Data In Rise Time 
2 
~s 


tFI(3) 
Data In Fall Time 
2 
~s 


tHD 
HOLD Setup Time 
200 
ns 


tCD 
HOLD 
Hold Time 
200 
ns 


tCS(S) 
CS Deselect 
Time 
500 
ns 


tWc'4) 
Write Cycle Time 
10 
ms 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCK 
Clock Frequency 
0 
1 
MHz 


tDIS 
Output 
Disable 
Time 
500 
ns 


tv 
Output 
Valid from Clock LOW 
400 
ns 


tHO 
Output 
Hold Time 
0 
ns 


tRd3) 
Output 
Rise Time 
300 
ns 


tFO(3) 
Output 
Fall Time 
300 
ns 


tLZ(3) 
HOLD 
HIGH to Output 
in Low Z 
100 
ns 


tHZ(3) 
HOLD 
LOW to Output 
in High Z 
100 
ns 


Notes: 
(3) This parameter 
is periodically sampled and not 100% tested. 


(4) twc 
is the time from the rising edge of CS after a valid write sequence has been sent to the end of the self-timed intemal 
nonvolatile write cycle. 


(5) After a read status register operation for WIP bit LOW, tcs min. is 500Jls. 
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-vLVcc Limits 
Blank = 5V ±1 0% 


'----- 
Temperature 
Range 
Blank = Commercial 
= O°C to +70°C 
I = Industrial 
= -40°C 
to +85°C 


M = Military = -55°C 
to + 125°C 


Package 
P = 8-Lead 
Plastic 
DIP 
S = 14-Lead 
SOIC 


x - 
P = 8-Lead 
Plastic 
DIP 
S = 14-Lead 
SOIC 


xL 


Blank = 5V ±10%, 
O°C to +70°C 


I = 5V ±1 0%, -40°C 
to +85°C 
M = 5V ±10%, 
-55 
QCto +125 QC 


LIMITED WARRANTY 


Devices 
sold by Xicor, 
Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms of Sale only. Xicor, Inc. makes no warranty, 


express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent infringement. 


Xicor, Inc. makes no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 
prices at any time and without 
notice. 


Xicor, Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more ot the following 
U.S. Patents: 4,263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 
4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 967; 4,883, 976. Foreign 
patents 
and 
additional 
patents 
pending. 


LIFE RELATED 
POLICY 


In situations 
where semiconductor 
component 
failure may endanger 
life, system designers 
using this product should design the system 
with appropriate 
error 
detection 
and correction, 
redundancy 
and back-up 
features 
to prevent such an occurence. 


Xicor's 
products 
are not authorized 
for use in critical components 
in life support devices 
or systems. 
1. Life support 
devices 
or systems 
are devices 
or systems 
which, (a) are intended 
for surgical 
implant 
into the body, or (b) support 
or sustain 
life, and whose 
failure to perform, 
when properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 
injury to the user. 


2. A critical component 
is any component 
of a life support 
device or system whose failure to perform 
can be reasonably 
expected 
to cause the failure of the life 
support 
device or system, 
or to affect its safety or effectiveness. 


ApPLICATION 
NOTES 


AVAILABLE 


AN19· 
AN38· 
AN41 • AN61 
~iCI~ 


FEATURES 


• 2MHz 
Clock 
Rate 
• Low 
Power 
CMOS 


-<11lA 
Standby 
Current 
-<SmA 
Active 
Current 
• 2.7V To S.SV Power 
Supply 
• Packages 
-8-Pin 
Mini-DIP 
-8-Lead 
SOIC 
-14-Lead 
SOIC 
-20-Lead 
TSSOP 
• SPI Modes 
(0,0 & 1,1) 
• 8K X 8 Bits 
-32 
Byte 
Page 
Mode 
• Block 
Lock 
Protection 
-Protect 
1/4, 
1/2 
or all 
of 
E2pROM 
Array 
• Built-in 
Inadvertent 
Write 
Protection 
-Power-Up/Down 
protection 
circuitry 
-Write 
Enable 
Latch 
-Write 
Protect 
Pin 
• Self-Timed 
Write 
Cycle 
-Sms 
Write 
Cycle 
Time 
(Typical) 
• High 
Reliability 
-Endurance: 
100,000 
cycles 
-Data 
Retention: 
100 
Years 
-ESD 
protection: 
2000V 
on 
all 
pins 


DESCRIPTION 


The 
X25642 
is a CMOS 
65,536-bit 
serial 
E2PROM, 
internally 
organized 
as 8K x 8. The X25642 
features 
a 
Serial 
Peripheral 
Interface 
(SPI) and software 
protocol 
• 
allowing 
operation 
on a simple three-wire 
bus. The bus 
signals 
are a clock 
input 
(SCK) 
plus separate 
data 
in 
(Sl) and data out (SO) 
lines. Access 
to the device 
is 
controlled 
through 
a chip 
select 
(CS) 
input, 
allowing 
any number 
of devices 
to share the same bus. 


The 
X25642 
also 
features 
two 
additional 
inputs 
that 
provide 
the 
end 
user 
with 
added 
flexibility. 
By 
asserting 
the HOLD 
input, the X25642 
will ignore tran- 
sitions 
on its inputs, 
thus alloWing 
the host to service 
higher priority 
interrupts. 
The WP input can be used as 
a 
hardwire 
input 
to 
the 
X25642 
disabling 
all 
write 
attempts 
to the status 
register, 
thus providing 
a mech- 


anism for limiting 
end user capability 
of altering 
0, 1/4, 


1/2 or all of the memory. 


The X25642 
utilizes 
Xicor's 
proprietary 
Direct 
Write™ 
cell, 
providing 
a 
minimum 
endurance 
of 
100,000 
cycles and a minimum 
data retention 
of 100 years. 


so 


SI 


SCK 
cs 


HOLD 


PIN DESCRIPTIONS 


Serial Output (SO) 


SO is a push/pull serial data output pin. During a read 
cycle, data is shifted out on this pin. Data is clocked 
out by the falling edge of the serial clock. 


Serial Input (SI) 


SI is the serial data input pin. All opcodes, byte 
addresses, and data to be written to the memory are 
input on this pin. Data is latched by the rising edge of 
the serial clock. 


Serial Clock (SCK) 
The Serial Clock controls the serial bus timing for data 
input and output. Opcodes, addresses, or data present 
on the SI pin are latched on the rising edge of the 
clock input, while data on the SO pin change after the 
falling edge of the clock input. 


Chip Select (CS) 
When CS is HIGH, the X25642 is deselected and the 
SO output pin is at high impedance and unless an 
internal write operation is underway, the X25642 will be 
in the standby power mode. CS LOW enables the 
X25642, placing it in the active power mode. It should 
be noted that after power-up, a HIGH to LOW transition 
on CS is required prior to the start of any operation. 


Write Protect (WP) 
When WP is LOW and the nonvolatile bit WPEN is "1", 
nonvolatile writes to the X25642 status register are 
disabled, but the part otherwise functions normally. 
When 
WP 
is 
held 
HIGH, 
all functions, 
including 
nonvolatile writes operate normally. WP going LOW 
while CS is still LOW will interrupt a write to the 
X25642 status register. If the internal write cycle has 
already been initiated, WP going LOW will have no 
affect on a write. 


The WP pin function is blocked when the WPEN bit in 
the status register is "0". This allows the user to install 
the X25642 in a system with WP pin grounded and still 
be able to write to the status register. The WP pin 
functions will be enabled when the WPEN bit is set "1". 


Hold (HOLD) 


HOLD is used in conjunction with the CS pin to select 
the device. Once the part is selected and a serial 
sequence is underway, HOLD may be used to pause 
the serial communication with the controller without 
resetting the serial sequence. To pause, HOLD must 
be brought LOW while 
SCK is LOW. To resume 
communication, HOLD is brought HIGH, again while 
SCK is LOW. If the pause feature is not used, HOLD 
should be held HIGH at all times. 


DIP 
cs 
1 
8 
VCC 
SO 
2 
7 
HOLD 


WP 
X25642 
3 
6 
SCK 
VSS 
4 
5 
SI 


sOle 


NC 
1 
14 
NC 
CS' 
2 
13 
NC 
CS' 
3 
12 
VCC 
SO 
4 
X25642 
11 
HOLD 


WP 
5 
10 
SCK 


VSS 
6 
9 
SI 


NC 
7 
8 
NC 
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Pin 2 and Pin 3 are internally connected. 
Only one CS needs to 
be connected externally. 


Symbol 
Description 


CS 
Chip Select Input 


SO 
Serial Output 


SI 
Serial Input 


SCK 
Serial Clock Input 


WP 
Write Protect Input 


Vss 
Ground 


Vcc 
Supply Voltage 


HOLD 
Hold Input 


NC 
No Connect 


PRINCIPLES 
OF OPERATION 


The 
X25642 
is a 8K x 8 E2pROM 
designed 
to inter- 


face 
directly 
with 
the 
synchronous 
serial 
peripheral 
interface 
(SPI) 
of many 
popular 
microcontroller 
fami- 
lies. 


The X25642 
contains 
an 8-bit instruction 
register. 
It is 


accessed 
via the SI input, with data being clocked 
in on 


the rising SCK. 
CS must 
be LOW and the HOLD 
and 


WP inputs must be HIGH during the entire operation. 


Table 
1 contains 
a list 
of the 
instructions 
and 
their 


opcodes. 
All 
instructions, 
addresses 
and 
data 
are 


transferred 
MSB first. 


Data input 
is sampled 
on the first rising edge 
of SCK 


after CS goes LOW. SCK is static, 
allowing 
the user to 


stop the clock and then resume 
operations. 
If the clock 


line is shared 
with other peripheral 
devices 
on the SPI 


bus, the user can assert 
the HOLD 
input to place the 


X25642 
into 
a 
"PAUSE" 
condition. 
After 
releasing 


HOLD, 
the 
X25642 
will 
resume 
operation 
from 
the 


point when 
HOLD was first asserted. 


Write 
Enable 
Latch 


The X25642 
contains 
a "write enable" 
latch. This latch 


must 
be 
SET 
before 
a 
write 
operation 
will 
be 


completed 
internally. 
The WREN 
instruction 
will set the 


latch and the WRDI 
instruction 
will reset the latch. This 


latch is automatically 
reset upon a power-up 
condition 


and 
after 
the 
completion 
of a byte, 
page, 
or status 


register 
write cycle. 


Status 
Register 


The 
RDSR 
instruction 
provides 
access 
to the 
status 


register. 
The status 
register 
may be read at any time, 


even 
during 
a 
write 
cycle. 
The 
status 
register 
is 


formatted 
as follows: 


3132FRMT02 
• 
WPEN, 
BPO and 
BP1 are set by the WRSR 
instruc- 


tion. 
WEL 
and 
WIP 
are 
read-only 
and 
automatically 


set by other operations. 


The Write-In-Process 
(WIP) 
bit indicates 
whether 
the 
X25642 
is busy with a write 
operation. 
When 
set to a 
"1", a write is in progress, 
when set to a "0", no write is 
in progress. 
During a write, all other bits are set to "1 ". 


The Write 
Enable 
Latch 
(WEL) 
bit indicates 
the status 


of the "write enable" 
latch. When 
set to a "1", the latch 


is set, when set to a "0", the latch is reset. 


The Block 
Protect 
(BPO and BP1) bits are nonvolatile 


and 
allow 
the 
user 
to 
select 
one 
of four 
levels 
of 


protection. 
The X25642 
is divided 
into four 
16384-bit 


segments. 
One, two, or all four 
of the segments 
may 


be protected. 
That is, the user may read the segments 


but 
will 
be 
unable 
to 
alter 
(write) 
data 
within 
the 


selected 
segments. 
The 
partitioning 
is controlled 
as 


illustrated 
below. 


Status 
Register 
Bits 
Array 
Addresses 


BP1 
BPO 
Protected 


0 
0 
None 


0 
1 
$1800-$1FFF 


1 
0 
$1000-$1FFF 


1 
1 
$0000-$1FFF 


Instruction 
Name 
Instruction 
Format' 
Operation 


WREN 
0000 
0110 
Set the Write Enable Latch (Enable Write Operations) 


WRDI 
0000 
0100 
Reset the Write Enable Latch (Disable Write Operations) 


RDSR 
00000101 
Read Status Register 


WRSR 
00000001 
Write Status Register 


READ 
0000 
0011 
Read Data from Memory Array beginning 
at selected 
address 


WRITE 
0000 
0010 
Write Data to Memory Array beginning 
at Selected Address 
(1 to 32 


Bytes) 


Write-Protect Enable 


The Write-Protect-Enable (WPEN) is available for the 
X25642 as a nonvolatile enable bit for the WP pin. 


Protected 
Unprotected 
Status 
WPEN 
WP 
WEL 
Blocks 
Blocks 
Register 


0 
X 
0 
Protected 
Protected 
Protected 


0 
X 
1 
Protected 
Writable 
Writable 


1 
LOW 
0 
Protected 
Protected 
Protected 


1 
LOW 
1 
Protected 
Writable 
Protected 


X 
HIGH 
0 
Protected 
Protected 
Protected 


X 
HIGH 
1 
Protected 
Writable 
Writable 


The Write Protect (WP) pin and the nonvolatile Write 
Protect Enable (WPEN) bit in the Status Register 
control 
the 
programmable 
hardware 
write 
protect 
feature. Hardware write protection is enabled when WP 
pin is LOW, and the WPEN bit is "1". Hardware write 
protection is disabled when either the WP pin is HIGH 
or the WPEN bit is "0". When the chip is hardware write 
protected, nonvolatile writes are disabled to the Status 
Register, including the 
Block Protect bits and the 
WPEN bit itself, as well as the block-protected sections 
in the memory array. Only the sections of the memory 
array that are not block-protected can be written. 


Note: Since the WPEN bit is write protected, it cannot 
be changed back to a "0", as long as the WP pin 
is held LOW. 


Clock and Data Timing 


Data input on the SI line is latched on the rising edge 
of SCK. Data is output on the SO line by the falling 
edge of SCK. 


Read Sequence 
When reading from the E2pROM memory array, CS is 
first pulled LOW to select the device. The 8-bit READ 
instruction is transmitted to the X25642, followed by 
the 16-bit address of which the last 13 are used. After 
the READ opcode and address are sent, the data 
stored in the memory at the selected address is shifted 
out on the SO line. The data stored in memory at the 
next address can be read sequentially by continuing to 
provide clock pulses. The address is automatically 
incremented to the next higher address after each 
byte of data is shifted out. When the highest address 
is reached ($1FFF) the address counter rolls over to 
address $0000 allowing the read cycle to be continued 
indefinitely. The read operation is terminated by taking 
CS HIGH. Refer to the read E2pROM array operation 
sequence illustrated in Figure 1. 


To read the status register the CS line is first pulled 
LOW to select the device followed by the 8-bit RDSR 
instruction.After the RDSR opcode is sent, the contents 
of the status register are shifted out on the SO line. 
Figure 2 illustrates the read status register sequence. 


Write Sequence 


Prior to any attempt to write data into the X25642, the 
"write enable" latch must first be set by issuing the 
WREN instruction (See Figure 3). CS is first taken 
LOW, then the WREN instruction is clocked into the 
X25642. After all eight bits of the instruction are trans- 
mitted, CS must then be taken HIGH. If the user 
continues the write operation without taking CS HIGH 
after issuing the WREN instruction, the write operation 
will be ignored. 


To write data to the E2PROM memory array, the user 
issues the WRITE instruction, followed by the address 
and then the data to be written. This is minimally a 
thirty-two clock operation. CS 
must go LOW and 
remain LOW for the duration of the operation. The host 
may continue to write up to 32 bytes of data to the 
X25642. The only restriction is the 32 bytes must reside 
on the same page. If the address counter reaches the 
end of the page and the clock continues, the counter 
will "roll over" to the first address of the page and over- 
write any data that may have been written. 


For the write operation (byte or page write) to be 
completed, CS can only be brought HIGH after bit 0 of 
data byte N is clocked in. If it is brought HIGH at any 
other time the write operation will not be completed. 
Refer to Figures 4 and 5 below for a detailed illustra- 
tion of the write sequences and time frames in which 
CS going HIGH are valid. 


To write to the status register, the WRSR instruction is 
followed by the data to be written. Data bits 0, 1, 4, 5 
and 6 must be "0". Figure 6 illustrates this sequence. 


While the write is in progress following 
a status 
register 
or 
E2PROM 
write 
sequence, 
the 
status 
register may be read to check the WIP bit. During this 
time the WIP bit will be HIGH. 


Hold Operation 


The HOLD input should be HIGH (at V1H) under normal 
operation. If a data transfer is to be interrupted HOLD 
can be pulled LOW to suspend the transfer until it can 
be resumed. The only restriction is the SCK input must 
be LOW when HOLD is first pulled LOW and SCK 
must also be LOW when HOLD is released. 


The HOLD input may be tied HIGH either directly to 
Vcc or tied to Vcc through a resistor. 


Operational 
Notes 


The X25642 
powers-up 
in the following 
state: 


• The device 
is in the low power standby 
state. 


• A HIGH to LOW transition 
on CS is required 
to enter 


an active state and receive 
an instruction. 


• SO pin is high impedance. 


• The "write enable" 
latch is reset. 


Data Protection 


The following 
circuitry 
has been included 
to prevent 
in- 


advertent 
writes: 


• The "write enable" 
latch is reset upon power-up. 


• A WREN 
instruction 
must be issued to set the "write 


enable" 
latch. 


• CS must come 
HIGH at the proper 
clock count 
in or- 


der to start a write cycle. 
• 


_______ 
-----J! 


Figure 3. Write Enable Latch Sequence 


cs 
\~ 
~/ 


SI m}~_!'LJY,XXXXXXX 


Figure 4. Byte Write Operation Sequence 


CS 
_____________ 
r 


____________ 
~r 


...JUUUlJlJUl 


~-- 
_._~ 


_______ 
~r 


ABSOLUTE MAXIMUM RATINGS· 


Temperature 
under 
Bias 
-65°C 
to +135°C 


Storage 
Temperature 
-65°C 
to +150°C 


Voltage 
on any Pin with Respect 
to Vss 
-1 V to +7V 


D.C. Output 
Current 
5mA 


(Soldering, 
10 seconds) 
300°C 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


·COMMENT 


Stresses 
above 
those 
listed 
under 
"Absolute 


Maximum 
Ratings" 
may cause 
permanent 
damage 
to 


the device. 
This 
is a stress 
rating 
only 
and 
the func- 


tional 
operation 
of the 
device 
at these 
or any 
other 
conditions 
above 
those 
indicated 
in the 
operational 
sections 
of this specification 
is not implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect device 
reliability. 


Supply Voltage 
Limits 


X25642 
5V±10% 


X25642-2.7 
2.7V to 5.5V 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Icc 
Vcc Supply Current (Active) 
5 
mA 
SCK = Vcc x 0.1Ncc 
x 0.9 @ 2MHz, 


SO = Open, CS = Vss 


ISB 
Vcc Supply Current (Standby) 
1 
llA 
CS = Vcc, 
VIN = Vss or Vcc - 0.3V 


III 
Input Leakage Current 
10 
llA 
V1N= Vss to Vcc 


ILO 
Output Leakage Current 
10 
llA 
VOUT= Vss to Vcc 


VIL(1) 
Input LOW Voltage 
-1 
Vcc x 0.3 
V 


VIH(1) 
Input HIGH Voltage 
Vcc x 0.7 
Vcc + 0.5 
V 


VOL1 
Output LOW Voltage 
0.4 
V 
IOL= 3mA, Vcc = 5V 


VOH1 
Output HIGH Voltage 
Vcc-0.8 
V 
IOH= -1.6mA, 
Vcc = 5V 


VOL2 
Output LOW Voltage 
0.4 
V 
IOL= 1.5mA, Vcc = 3V 


VOH2 
Output HIGH Voltage 
Vcc-o·3 
V 
IOH= -o.4mA, 
Vcc = 3V 


Symbol 
Parameter 
Min. 
Max. 
Units 
TpUR(3) 
Power-up to Read Operation 
1 
ms 


Tpuw(3) 
Power-up to Write Operation 
1 
ms 


Symbol 
Parameter 
Max. 
Units 
Test Conditions 
CI/O(3) 
Output Capacitance 
(SO) 
8 
pF 
VI/O = OV 
CIN(3) 
Input Capacitance 
(SCK, SI, CS, WP, HOLD) 
6 
pF 
V1N= OV 


Notes: 
(1) 
V1L min. and V1H max. are for reference only and are not tested. 
(2) This parameter is periodically sampled and not 100% tested. 
(3) tpUR and tpuw are the delays required from the time Vcc is stable until the specified operation can be initiated. 
These 
parameters are periodically sampled and not 100% tested. 


3V 


l'64~K 
OUTPUT 


4.63K!'l = 
100pF J 


Input Pulse Levels 
VCC x 0.1 to VCC x 0.9 


Input Rise and Fall Times 
10ns 


Input and OutputTiming 
Levels 
Vcc X 0.5 


1.44K!'l 


OUTPUT --+---., 


1.95K!'l 
100pFI 
-- 
A.C. OPERATING CHARACTERISTICS 


Data Input Timing 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCK 
Clock Frequency 
0 
2 
MHz 


tCYC 
Cycle Time 
500 
ns 


tLEAD 
CS Lead Time 
250 
ns 


tLAG 
CS Lag Time 
250 
ns 


tWH 
Clock HIGH Time 
200 
ns 


tWL 
Clock LOW Time 
200 
ns 


tsu 
Data Setup Time 
50 
ns 


tH 
Data Hold Time 
50 
ns 


t 
Rl(4) 
Data In Rise Time 
~ 
2 
~s 


tFI(4) 
Data In Fall Time 
2 
~s 


tHD 
HOLD Setup Time 
100 
ns 


tCD 
HOLD Hold Time 
100 
ns 


tcs 
CS Deselect Time 
2.0 
~s 


twC 
(5) 
Write Cycle Time 
10 
ms 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCK 
Clock Frequency 
0 
2 
MHz 


tDIS 
Output Disable Time 
250 
ns 


tv 
Output Valid from Clock LOW 
200 
ns 


tHO 
Output Hold Time 
0 
ns 


tRO(4) 
Output Rise Time 
100 
ns 


t 
FO(4) 
Output Fall Time 
100 
ns 


tLZ(4) 
HOLD HIGH to Output in Low Z 
100 
ns 


tHZ(4) 
HOLD LOW to Output in High Z 
100 
ns 


Notes: 
(4) This parameter is periodically sampled and not 100% tested. 
(5) twe is the time from the rising edge of CS after a valid write sequence has been sent to the end of the self-timed intemal nonvolatile 
write cycle. 


I 


D1S 


____ 
x 
LSB OUT :f----- 
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xxx 
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• 
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-vL Vcc Limits 


Blank = 5V ±1 0% 


2.7 = 2.7 to 5.5V 


Temperature 
Range 


Blank = Commercial 
= O°C to +70°C 


I = Industrial 
= -40°C 
to +85°C 


M = Military = -55°C 
to + 125°C 


Package 


P = 8-Lead 
Plastic 
DIP 


S = 14-Lead 
SOIC 


S8 = 8-Lead 
SOIC 
V = 20-Lead 
TSSOP 


x - 
P = 8-Lead 
Plastic 
DIP 
S = 14-Lead 
SOIC 
Blank = 8-Lead 
SOIC 
V = 20-Lead 
TSSOP 
xL 


Blank = 5V ±10%, 
O°C to +70°C 


I = 5V ±1 0%, -40°C 
to +85°C 
M = 5V ±1 0%, -55°C 
to + 125°C 
F = 2.7V to 5.5V, O°C to 70°C 
G = 2.7V to 5.5V, -40°C 
to +85°C 


LIMITED WARRANTY 


Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification 
provisions appearing 
in its Terms of Sale only. Xicor, Inc. 
makes no warranty, 
express, statutory, implied, or by description 
regarding the information 
set forth herein or regarding 
the freedom 
of the 
described devices from patent infringement. 
Xicor, Inc. makes no warranty of merchantability 
or fitness for any purpose. Xicor, Inc. reserves the 
right to discontinue 
production and change specifications 
and prices at any time and without notice. 


Xicor, Inc. assumes no responsibility 
for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product. No other circuits, patents, 


licenses are implied. 


U.S. PATENTS 


Xicor products are covered by one or more of the following U.S. Patents; 4,263,664; 4,274,012; 4,300,212; 4,314,265; 4,326,134; 4,393,481; 
4,404,475; 4,450,402; 4,486,769; 4,488,060; 4,520,461; 4,533,846; 4,599,706; 4,617,652; 4,668,932; 4,752,912; 4,829, 482; 4,874, 967; 
4,883, 976. Foreign patents and additional patents pending. 


LIFE RELATED 
POLICY 


In situations 
where semiconductor 
component 
failure may endanger life, system designers using this product should design the system with 
appropriate error detection and correction, redundancy and back-up features' to prevent such an occurence. 


Xicor's products are not authorized for use in critical components in life support devices or systems. 


1. Life support devices or systems are devices or systems which, (al are intended for surgical implant into the body, or (b) support or sustain 
life, and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be reasonably 
expected to result in a significant injury to the user. 


2. 
A critical component 
is any component 
of a life support device or system whose failure to perform can be reasonably expected to cause the 


failure of the life support device or system, or to affect its safety or effectiveness. 


ApPLICATION 
NOTE 


AVA 
I L A B L E 


AN61 
iCOP 
® 


• 2MHzClock Rate 
• SPI Modes (0,0 & 1,1) 
• 16K X a Bits 
-32 
Byte Page Mode 


• Low Power CMOS 
-<1~ 
Standby Current 
-<5mA 
Active Current 


• 2.7V To 5.5V Power Supply 
• Block Lock Protection 


-Protect 
1/4,1/2 or all of E2pROMArray 


• Built-in Inadvertent Write Protection 
-Power-Up/Power-Down 
protection circuitry 
- 
Write Enable Latch 
-Write 
Protect Pin 


• Self-Timed Write Cycle 
-5ms 
Write Cycle Time (Typical) 


• High Reliability 


- 
Endurance: 100,000cycles 


-Data 
Retention: 100Years 


-ESD 
protection: 2000Von all pins 


• a-Pin Mini-DIP Package 
• 16-Lead 150 mil SOIC Package 


DESCRIPTION 


The 
X25128 
is a CMOS 
131,072-bit 
serial 
E2pROM, 


internally 
organized 
as 16K x 8. The X25128 
features 
a 


Serial Peripheral 
Interface 
(SPI) and software 
protocol 


allowing 
operation 
on a simple three-wire 
bus. The bus 


signals are a clock input (SCK) plus separate 
data in (SI) 


and data out (SO) lines. Access 
to the device 
is con- 


trolled 
through 
a chip 
select 
(CS) 
input, 
allowing 
any 


number 
of devices 
to share the same 
bus. • 


The 
X25128 
also 
features 
two 
additional 
inputs 
that 


provide the end user with added flexibility. 
By asserting 


the HOLD input, the X25128 
will ignore transitions 
on its 


inputs, thus allowing 
the host to service 
higher 
priority 


interrupts. 
The WP input can be used as a hardwire 
input 


to the X25128 
disabling 
all write attempts 
to the status 


register, 
thus 
providing 
a mechanism 
for limiting 
end 


user capability 
of altering 0, 1/4, 1/~ or all of the memory. 


The X25128 
utilizes 
Xicor's 
proprietary 
Direct Write™ 


cell, providing 
a minimum 
endurance 
of 100,000 cycles 


and a minimum 
data retention 
of 100 years. 


so 


Sl 


SCK 


Cs 


HOLD 


PIN DESCRIPTIONS 


Serial Output (SO) 


SO is a push/pull serial data output pin. During a read 
cycle, data is shifted out on this pin. Data is clocked out 
by the falling edge of the serial clock. 


Serial Input (SI) 


SI is the serial data input pin. All opcodes, 
byte 
addresses, and data to be written to the memory are 
input on this pin. Data is latched bythe rising edge of the 
serial clock. 


Serial Clock (SCK) 


The Serial Clock controls the serial bus timing for data 
input and output. Opcodes, addresses, or data present 
on the SI pin are latched on the rising edge of the clock 
input, while data on the SO pin change after the falling 
edge of the clock input. 


Chip Select (CS) 


When CS is HIGH, the X25128 isdeselected and the SO 
output pin is at high impedance and unless an internal 
write operation is underway, the X25128 will be in the 
standby power mode. CS LOW enables the X25128, 
placing it in the active power mode. It should be noted 
that after power-up, a HIGH to LOW transition on CS is 
required prior to the start of any operation. 


Write Protect (WP) 


When WP is LOW and the nonvolatile bit WPEN is "1", 
nonvolatile writes to the X25128 status register are 
disabled, but the part otherwise functions normally. 
When WP is held HIGH, all functions, including nonvola- 
tile writes operate normally. WP going LOW while CS is 
still LOW will interrupt a write to the X25128 status 
register. If the internal write cycle has already been 
initiated, WP going LOW will have no effect on a write. 


The WP pin function is blocked when the WPEN bit in 
the status register is"0".This allows the userto installthe 
X25128 in a system with WP pin grounded and still be 
able to write to the status register. The WP pin functions 
will be enabled when the WPEN bit is set "0", 


Hold (HOLD) 


HOLD isused inconjunction with the CS pin to select the 
device. Once the part is selected and a serial sequence 
is underway, HOLD may be used to pause the serial 
communication with the controller without resetting the 
serial sequence. To pause, HOLD must be brought low 
while SCK is Low. To resume communication, HOLD is 
brought high, again while SCK is low. If the pause 
feature is not used, HOLD should be held high at all 
times. 


VCC 
HOLD 
SCK 


SI 


SOIC 


CS 
1 
16 
VCC 
SO 
2 
15 
HOLD 
NC 
3 
14 
NC 
NC 
4 
X25128 
13 
NC 
NC 
5 
12 
NC 
NC 
6 
11 
NC 


WP 
7 
10 
SCK 
VSS 
8 
9 
SI 
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SYMBOL 
DESCRIPTION 


CS 
Chip Select Input 
SO 
Serial Output 
SI 
Serial Input 
SCK 
Serial Clock Input 
WP 
Write Protect Input 
Vss 
Ground 
Vcc 
Supply Voltage 
HOLD 
Hold Input 
NC 
No Connect 


PRINCIPLES 
OF OPERATION 


The X25128 
is a 8K x 8 E2pROM 
designed 
to interface 


directly 
with the synchronous 
serial peripheral 
interface 


(SPI) of many 
popular 
microcontroller 
families. 


The X25128 
contains 
an 16-bit instruction 
register. 
It is 


accessed 
via the SI input, with data being clocked 
in on 


the rising SCK. CS must be LOW and the HOLD and WP 
inputs 
must be HIGH 
during 
the entire 
operation. 
The 


WP input is "Don't 
Care" if WPEN 
is set "0". 


Table 
1 contains 
a list 
of the 
instructions 
and 
their 


opcodes. 
All instructions, 
addresses 
and data are trans- 


ferred 
MSB first. 


Data input is sampled 
on the fi rst rising edge of SCK after 


CS goes LOW. 
SCK is static, allowing 
the user to stop 


the clock and then resume operations. 
If the clock line is 


shared with other peripheral 
devices on the SPI bus, the 


user can assert the HOLD input to place the X25128 
into 
a "PAUSE" 
condition. 
After releasing 
HOLD, the X25128 


will resume 
operation 
from the point when 
HOLD was 


first asserted. 


Write 
Enable 
Latch 


The X25128 
contains 
a "write enable" 
latch. This latch 


must be SET before a write operation 
will be completed 


internally. 
The WREN 
instruction 
will set the latch and 


the WRDI 
instruction 
will reset the latch. This latch 
is 


automatically 
reset upon a power-on 
condition 
and after 


the completion 
of a byte, page, or status 
register 
write 


cycle. 


Status 
Register 


The 
RDSR 
instruction 
provides 
access 
to the status 


register. 
The status 
register 
may be read at any time, 


even during a write cycle. The status 
register 
is format- 


ted as follows: 
• 


WPEN, 
BPO and BP1 are set by the WRSR 
instruction. 


WEL and WIP are read-only 
and automatically 
set by 


other operations. 


The Write-In-Process 
(WIP) 
bit indicates 
whether 
the 


X25128 
is busy with a write operation. 
When settoa 
"1", 


a write 
is in progress, 
when 
set to a "0", no write 
is in 
progress. 
During a write, all other bits are set to "1". 


The Write Enable Latch (WEL) bit indicates 
the status of 


the "write enable" latch. When settoa 
"1 ", the latch isset, 


when set to a "0", the latch is reset. 


The Block 
Protect 
(BPO and BP1) bits are nonvolatile 


and 
allows 
the 
user 
to select 
one 
of four 
levels 
of 


protection. 
The X25128 
is divided 
into four 32,768-bit 


segments. 
One, two, or all four of the segments 
may be 


protected. 
That is, the user may read the segments 
but 


will be unable 
to alter (write) 
data within 
the selected 
segments. 
The partitioning 
is controlled 
as illustrated 


below. 


Status 
Register 
Bits 
Array 
Addresses 


BP1 
BPO 
Protected 


0 
0 
None 


0 
1 
$3000-$3FFF 


1 
0 
$2000-$3FFF 


1 
1 
$0000-$3FFF 


Instruction 
Name 
Instruction 
Format' 
Operation 


WREN 
0000 
0110 
Set the Write 
Enable 
Latch (Enable 
Write Operations) 


WRDI 
0000 
0100 
Reset the Write 
Enable 
Latch (Disable 
Write Operations) 


RDSR 
00000101 
Read Status 
Register 


WRSR 
00000001 
Write Status 
Register 


READ 
0000 
0011 
Read Data from Memory 
Array beginning 
at selected 
address 


WRITE 
0000 
0010 
Write Data to Memory 
Array beginning 
at Selected 
Address 


(1 to 32 Bytes) 


Write-Protect 
Enable 


The Write-Protect-Enable 
(WPEN) 
is available 
for the 
X25128 
as a nonvolatile 
enable 
bit for the WP pin. 


Protected 
Unprotected 
Status 
WPEN 
WP 
WEL 
Blocks 
Blocks 
Register 


0 
X 
0 
Protected 
Protected 
Protected 
0 
X 
1 
Protected 
Writable 
Writable 


1 
LOW 
0 
Protected 
Protected 
Protected 


1 
LOW 
1 
Protected 
Writable 
Protected 


X 
HIGH 
0 
Protected 
Protected 
Protected 


X 
HIGH 
1 
Protected 
Writable 
Writable 


3091 PGM TOS.1 
The Write 
Protect 
(WP) 
pin and the nonvolatile 
Write 
Protect Enable (WPEN) 
bit in the Status Registercontrol 
the programmable 
hardware 
write protect feature. Hard- 
ware write protection 
is enabled 
when WP pin is LOW, 
and the WPEN 
bit is "1". Hardware 
write 
protection 
is 
disabled 
when either the WP pin is HIGH or the WPEN 
bit is "0". When 
the chip 
is hardware 
write 
protected, 
nonvolatile 
writes 
are disabled 
to the Status 
Register, 
including 
the Block Protect 
bits and the WPEN 
bit itself, 
as well as the block-protected 
sections 
in the memory 
array. Only the sections 
of the memory 
array that are not 
block-protected 
can be written. 


Note: 
Since the WPEN 
bit is write protected, 
it 
cannot 
be changed 
back to a "0", as long as 
the WP pin is held LOW. 


Clock and Data Timing 


Data input on the Siline 
is latched 
on the rising edge of 
SCK. Data is output on the SO line by the falling edge of 
SCK. 


Read Sequence 


When reading from the E2pROM 
array, CS is first pulled 
LOW to select the device. The 8-bit READ instruction 
is 
transmitted 
to the X25128, 
followed 
by the 16-bit ad- 
dress 
of which 
the last 
14 are used. 
After 
the READ 
opcode 
and address 
are sent, 
the data stored 
in the 
memory 
at the selected 
address 
is shifted out on the SO 
line. The data stored in memory 
at the next address 
can 
be 
read 
sequentially 
by continuing 
to provide 
clock 
pulses. The address 
is automatically 
incremented 
to the 
next higher address 
after each byte of data is shifted out. 


When 
the 
highest 
address 
is reached 
($3FFF) 
the 
address 
counter 
rolls over to address 
$0000 
allowing 
the 
read cycle 
to be continued 
indefinitely. 
The 
read 
operation 
is terminated 
by taking CS HIGH. Refer to the 
read E2pROM 
array 
operation 
sequence 
illustrated 
in 
Figure 
1. 


To read the status 
register 
the CS line is first 
pUlled 
LOW to select the device 
followed 
by the 8-bit instruc- 
tion. Afterthe 
RDSR opcode 
is sent, the contents 
of the 
status 
register 
are shifted 
out on the SO line. The read 
status 
register 
sequence 
is illustrated 
in Figure 
2. 


Write Sequence 


Prior to any attempt 
to write data into the X25128, 
the 
"write 
enable" 
latch 
must 
first 
be set 
by issuing 
the 
WREN instruction 
(See Figure 3). CS is first taken LOW, 


then the WREN 
instruction 
is clocked 
into the X25128. 


After all eight bits of the instruction 
are transmitted, 
CS 
must then be taken HIGH. If the user continues 
the write 
operation 
without 
taking 
CS 
HIGH 
after 
issuing 
the 
WREN 
instruction, 
the write operation 
will be ignored. 


To write data to the E2pROM 
memory 
array, 
the user 
issues the WRITE instruction, followed by the address and 
then the data to be written. This is minimally 
a thirty-two 
clock operation. CS must go LOW and remain LOW for the 
duration oftheoperation. 
The host maycontinuetowrite 
up 
to 32 bytes of data to the X25128. The only restriction is the 
32 bytes must reside on the same page. If the address 
counter reaches the end of the page and the clock contin- 
ues, the counter will "roll over" to the first address 
of the 
page and overwrite any data that may have been written. 


For 
the 
write 
operation 
(byte 
or 
page 
write) 
to 
be 
completed, 
CS can only be brought 
HIGH after bit 0 of 
data byte N is clocked in. If it is brought 
HIGH at any other 
time the write operation 
will not be completed. 
Refer to 
Figures 
4 and 5 below for a detailed 
illustration 
of the 
write 
sequences 
and time frames 
in which 
CS going 
HIGH are valid. 


To write to the status 
register, 
the WRSR 
instruction 
is 
followed 
by the data to be written. 
Data bits 0, 1, 4, 5 and 
6 must be "0". This sequence 
is shown 
in Figure 
6. 


While the write is in progress, 
following 
a status register 
or E2pROM 
write sequence, 
the status register 
may be 
read to check the WI P bit. During this time the WIP bit will 
be HIGH. 


Hold Operation 


The HOLD input should 
be HIGH (at VI H) under normal 
operation. 
If a data transfer 
is to be interrupted 
HOLD 
can be pulled LOW to suspend 
the transfer 
until it can be 
resumed. 
The only restriction 
is the SCK input must be 
LOW when HOLD is first pulled LOW and SCK must also 
be LOW when HOLD is released. 


The HOLD input may be tied HIGH either directly 
to Vcc 
or tied to Vcc through 
a resistor. 


Operational Notes 


The X25128 powers-up in the following state: 


• The device is in the low power standby state. 


• A HIGH to LOW transition on CS is required to 


enter an active state and receive an instruction. 


• SO pin is high impedance. 


• The "write enable" latch is reset. 


Data Protection 


The following circuitry has been included to prevent 
inadvertent writes: 


• The "write enable" latch is reset upon power-up. 


• A WREN instruction must be issued to set the "write 


enable" latch. 


• CS must come HIGH at the proper clock count in 


order to start a write cycle. 
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ABSOLUTE MAXIMUM RATINGS' 
Temperature 
under 
Bias 
-65°C 
to +135°C 


Storage 
Temperature 
-65°C 
to +150°C 


Voltage on any Pin with Respect to VSS 
-1Vto 
+7V 


D.C. Output 
Current 
5mA 


Lead Temperature 


(Soldering, 
10 seconds) 
300°C 


Temp 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


'COMMENT 
Stresses 
above those listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 


of the device 
at these 
or any other 
conditions 
above 


those listed in the operational 
sections 
of this specifica- 


tion is not implied. Exposure 
to absolute 
maximum 
rating 


conditions 
for extended 
periods 
may affect device 
reli- 
ability. 


Supply Voltage 
Limits 


X25128 
5V ±10% 


X25128-2.7 
2.7V to 5.5V 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Ice 
Vee Supply Current (Active) 
5 
mA 
SCK = Vee x 0.1Nee 
x 0.9 @ 2MHz, 


SO = Open, CS = VSS 


158 
Vee Supply Current (Standby) 
1 
~A 
CS = Vee, 
VIN = VSS or Vee 


III 
Input Leakage Current 
10 
~A 
VIN = VSS to Vee 


ILO 
Output Leakage Current 
10 
~A 
VOUT = VSS to Vee 
VIL(l) 
Input LOW Voltage 
-1 
Veex 
0.3 
V 


VIH(l) 
Input HIGH Voltage 
Veex 
0.7 
Vee + 0.5 
V 


VOL1 
Output LOW Voltage 
0.4 
V 
Vee = 5V, IOL = 3mA 


VOH1 
Output HIGH Voltage 
Vee- 
0.8 
V 
Vee = 5V, IOH = -1.6mA 


VOL2 
Output LOW Voltage 
0.4 
V 
Vee = 3V, IOL = 1.5mA 


VOH2 
Output HIGH Voltage 
Vee- 
0.3 
V 
Vee = 3V, IOH = -O.4mA 


Symbol 
Parameter 
Min. 
Max. 
Units 


tpUR(3) 
Power-up 
to Read Operation 
1 
ms 


tpUW(3) 
Power-up 
to Write Operation 
.5 
ms 


Symbol 
Test 
Max. 
Units 
Conditions 


COUT(2) 
Output 
Capacitance 
(SO) 
8 
pF 
VOUT= 
OV 


CIN(2) 
Input Capacitance 
(SCK, SI, CS, WP, HOLD) 
6 
pF 
VIN = OV 


(1) V'L min. and V,H max. are for reference only and are not tested. 
(2) This parameter 
is periodically sampled and not 100% tested. 
(3) tPURand tpuw are the delays required from the time Vcc is stable until the specified operation can be initiated. These parameters 


are periodically sampled and not 100% tested. 


3V 


1.64K~ 
OUTPUT 


4.63KQ = 
100pF I 


InputPulse Levels 
VCCxO.1 toVcCxO.9 
Input Riseand FallTimes 
10ns 


Inputand OutputTiming Level 
VCCxO.5 
1.44KQ 


OUTPUT --+----, 


1.95KQ 
100pF ± 
• 


A.C. CHARACTERISTICS (Over recommended operating conditions, unless otherwise specified) 


Data Input Timing 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCK 
Clock Frequency 
0 
2 
MHz 


tCYC 
Cycle Time 
500 
ns 


tlEAO 
CS Lead Time 
250 
ns 


tlAG 
CS Lag Time 
250 
ns 


tWH 
Clock HIGH Time 
200 
ns 


tWl 
Clock LOW Time 
200 
ns 


tsu 
Data Setup Time 
50 
ns 


tH 
Data Hold Time 
50 
ns 


tRI(4) 
Data In Rise Time 
2 
~s 


tFI(4) 
Data In Fall Time 
2 
~s 


tHO 
HOLD Setup Time 
100 
ns 


tco 
HOLD Hold Time 
100 
ns 


tcs 
CS Deselect Time 
2.0 
~ 
twd5) 
Write Cycle Time 
10 
ms 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCK 
Clock Frequency 
0 
2 
MHz 


tOIS 
Output Disable Time 
250 
ns 


tv 
Output Valid from Clock LOW 
200 
ns 


tHO 
Output Hold Time 
0 
ns 


tRO(4) 
Output Rise Time 
100 
ns 
tFO(4) 
Output Fall Time 
100 
ns 


tlZ(4) 
HOLD HIGH to Output in Low Z 
100 
ns 


tHZ(4) 
HOLD LOW to Output in High Z 
100 
ns 


Notes: 
(4) This parameter 
is periodically sampled and not 100% tested. 
(5) twc 
is the time from the rising edge of CS after a valid write sequence has been sent to the end of the self-timed intemal 
nonvolatile 
write cycle. 
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SYMBOL 
TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 


JlT 


May change 
Will change 


from LOW 
from LOW 


to HIGH 
to HIGH 


~ 


Maychan~e 
Will change 


from HIG 
from HIGH 


to LOW 
to LOW 


'!Xli 


Don't Care: 
Changing: 


Changes 
State Not 


Allowed 
Known 
H 


N/A 
Center Line 
is High 
Impedance 


• 


X25128T 


T 
-v1Lvccum., 
Blank = 5V ±10% 
2,7 = 2,7V to 5.5V 


Temperature 
Range 
Blank = Commercial 
= O°C to +70°C 


I = Industrial 
= -40°C 
to +85°C 


M = Military = -55°C 
to + 125°C 


L-_________ 
Package 


P = 8-Lead 
Plastic 
DIP 
S = 16-Lead 
SOIC 


LIMITED WARRANTY 


Devices 
sold by Xicor, Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms of Sale only. Xicor, Inc. makes no warranty, 
express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent infringement. 


Xicor, Inc. makes no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 
prices at any time and without 
notice. 


Xicor, Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U,S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4,263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 
4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 
967; 4,883, 
976. Foreign 
patents 
and 
additional 
patents pending, 


LIFE RELATED 
POLICY 


In situations 
where semiconductor 
component 
failure may endanger 
life, system designers 
using this product should design the system 
with appropriate 
error 
detection 
and correction, 
redundancy 
and back·up 
features 
to prevent such an occurence. 


Xicor's products 
are not authorized 
for use in critical components 
in life support devices 
or systems. 
1. Life support 
devices 
or systems 
are devices 
or systems 
which, (a) are intended 
for surgical 
implant into the body, or (b) support 
or sustain 
life, and whose 
failure to pertorm, 
when properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 
injury to the user. 
2. A critical 
component 
is any component 
of a life support device or system whose failure to perform 
can be reasonably 
expected 
to cause the failure of the life 
support 
device 
or system, 
or to affect its safety or effectiveness. 


• 
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Design Engineering Bulletin 


New Product and Applications Information for Design Engineers 


New Memory Architecture Eliminates I/O Port Requirements 
X84041 MPSTME2 Directly Connects to Parallel Bus 


G 
lue logic for microprocessor 
or system bus in- 
terface 
is eliminated 
by the X84041's new ar- 


chitecture. 
The X84041 utilizes 
the typical microproces- 
sor control signals (OE, WE, CE) and a simple read/ write 
sequence 
to directly 
interface 
with most common 
fami- 
lies of microprocessors. 
It's small size, low cost and low 
power 
is designed 
to replace more expensive 
and bulky 
bytewide 
E2PROMs. 


The X84041 offers advanced 
features such as Low 
Voltage operation 
(2.5V), Write Protect (WP), Page Mode 
operation, 
and a 45ns read access time. It is available in 8 
pin DIP, SOIC and 14 pin TSSOP packages. The low cost 
and small footprint 
of this unique 
product 
line makes it 
attractive 
for applications 
such as cellular 
telephones, 


SIM module 
identification, 
PCMCIAcards 
boot configu- 


ration storage, and network 
node ID storage. 


The XK84 Development 
System Simplifies the Task of Prototyping 
with MPSTME2 Devices and Reduces Software Development 
Time 


For ordering information on the XK84 Development 
System please use the ordering information loc'1ted on the 
back cover of this bulletin. 


T 
he XK84 Development 
System enables 
designers 
to eas- 
ily evaluate 
and prototype 
with the X84041 and future 
MPSTME2 devices. 
Using the system is as simple as inserting 
the 
XK84 into any unused 
expansion 
slot of a PC and executing 
the 
associated 
XK84 programming 
software. 
This software 
allows 
a 
designer 
to alter the E2pROM 
data by writing 
to (and 
reading 
from) any address 
in the X84041 in a similar manner 
as with any 


PC based EPROM programmer. 


The XK84 can also be used in conjunction 
with another 
prototype 
card. 
The designer 
controls 
the I/O addresses 
used to 
control the CE and WP inputs 
to the X84041 and allows the other 
card to physically 
"piggyback" 
on top of the XK84. 
Xicor also 
provides 
ANSI C code that is used 
to interface 
with 
MPSTM E2 


devices. 
With this development 
system, 
any number 
of devices 
can be easily programmed 
prior to use in a prototype 
system 
and 
their contents 
can be just as easily examined 
during 
system 
de- 
bug. This will allow a designer 
to proceed 
quickly and efficiently 
when designing 
in an MPSTME2 device. 


ApPLICATION 
NOTES 
AND DEVELOPMENT 
SYSTEM 


AVAILABLE 


AN10' 
AN17' 
AN 57 • XKB4 
icor 


® 


FEATURES 


• 
Direct Interface to Micros 
-Eliminates 
1/0 port requirements 


-No 
interface glue logic required 
-Eliminates 
need for parallel to serial converters 


• 
3.3Mbps data transfer rate 


• 
Low Power CMOS 
-2.7V 
to 5.5V Operation 


-Standby 
Current Less than 50~ 
-Active 
Current Less than 1mA 


• 
45ns Read Access Time 


• 
a-Byte Page Write Mode 


• 
Typical Nonvolatile Write Cycle Time: 5ms 


• 
High Reliability 
-100,000 
Endurance Cycles 


-Guaranteed 
Data Retention: 100 Years 


• 
a-Pin Mini-DIP, SOIC, and 14-Lead TSSOP 
Packages 


DESCRIPTION 


The 
X84041 
Micro 
Port 
Saver 
is a 4096-bit 
CMOS 


E2PROM 
designed 
for a direct 
interface 
to port limited 


microcontroller 
or 1/0 limited 
microprocessor 
designs. 
2 


The X84041 
provides 
all of the benefits 
of serial memo- 
ries, such as low cost, low power, low voltage 
operation, 


and 
small 
package 
size, 
while 
featuring 
higher 
data 


transfer rates and reduced interface code requirements- 
without the need for a dedicated 
serial bus. The X84041 


is organized 
as a 512 x 8, but is also suitable 
in 16-bit or 
32-bit environments, 
due to the bit serial 
nature 
of the 


interface. 


The X84041 
directly 
connects 
to the processor 
bus and 
communicates 
over a single data line using a sequence 


of standard 
bus read and write operations. 
This elimi- 


nates the need for dedicated 
port pins, parallel 
to serial 


converters, 
complicated 
ASIC implementations, 
orother 


glue logic, lowering 
system 
cost. 


CE 


I/O 


WP 


vss 


VCC 


NC 


OE 


WE 


1 
B 


2 
7 


XB4041 
3 
6 


4 
5 


CE 


OE 
EEPROM 


X 
ARRAY 


WE 
DEC 


512 x 8 
I/O 


1/0 
Data Input/Output 


CE 
Chip Enable 
Input 


OE 
Output 
Enable 
Input 


WE 
Write 
Enable 
Input 


WP 
Write 
Protect 
Input 


Vcr. 
Supply 
Voltaqe 


Vss 
Ground 


NC 
No Connect 


A Write 
Protect 
(WP) pin provides 
hardware 
protection 
against 
inadvertent 
writes 
to the memory. 


Xicor 
E2PROMs 
are designed 
and tested 
for applica- 
tions 
requiring 
extended 
endurance. 
Inherent 
data re- 
tention 
is greater 
than 100 years. 


PIN DESCRIPTIONS 


Chip Enable (CE) 


The Chip Enable 
input must be LOW to enable all read/ 
write operations. 
When 
CE is HIGH, 
the chip is dese- 
lected, 
the I/O pin is in the high impedance 
state, and 
unless 
a nonvolatile 
write 
operation 
is underway, 
the 
X84041 
is in the standby 
power 
mode. 


Output Enable (OE) 


The Output 
Enable 
input 
must be LOW to enable 
the 
output 
buffer 
and to read data from the X84041 
on the 
I/O line. 


Write Enable (WE) 


The Write Enable input must be LOW to write either data 
or command 
sequences 
to the X84041. 


Data In/Data Out (I/O) 


Data and command 
sequences 
are serially written to or 
serially 
read from the X84041 
through 
the I/O pin. 


Write Protect (WP) 


When the Write Protect 
input is LOW, nonvolatile 
writes 
to the 
X84041 
are 
disabled. 
When 
WP 
is HIGH, 
all 
functions, 
including 
nonvolatile 
writes, operate normally. 
If a nonvolatile 
write cycle is in progress, 
WP going LOW 
will have no effect 
on the cycle 
already 
underway, 
but 
will inhibit any additional 
nonvolatile 
write cycles. 


DEVICE OPERATION 


The X84041 
is a serial 512 x 8 bit E2PROM 
designed 
to 
interface 
directly with most microprocessor 
buses. Stan- 
dard CE, OE, and WE signals control the read and write 
operations, 
and a single 
I/O line is used to send 
and 
receive 
data and commands 
serially. 


Data Timing 


Data input on the I/O line is latched on the rising edge of 
either WE or CE, whichever 
occurs first. Data output on 
the I/O line is active whenever 
both OE and CE are LOW. 
Care 
should 
be taken 
to ensure 
that WE and OE are 
never both LOW while CE is LOW. 


Read Sequence 


A read sequence 
consists 
of sending 
a 16-bit address 
followed 
by the reading 
of data serially. 
The address 
is 
written by issuing 16 separate 
write cycles 
(WE and CE 
LOW, 
OE HIGH) 
to the part without 
a read cycle 
be- 
tween the write cycles. The address 
is sent serially, 
most 
significant 
bit first, 
over 
the 
I/O 
line. 
Note 
that 
this 
sequence 
is fully static, 
with no special 
timing 
restric- 
tions, and the processor 
is free to perform 
other tasks on 
the bus whenever 
the X84041 
CE pin is HIGH. Once the 
16 address 
bits are sent, a byte of data can be read on 
the I/O line by issuing 
8 separate 
read cycles 
(OE and 
CE 
LOW, 
WE 
HIGH). 
At this 
point, 
issuing 
a reset 
sequence 
will terminate 
the read sequence, 
otherwise 
the X84041 will await further reads in the sequential 
read 
mode. 


Sequential Read 


The byte address 
is automatically 
incremented 
to the 
next higher address 
after each byte of data is read. The 
data stored 
in the memory 
at the next address 
can be 
read sequentially 
by continuing 
to issue 
read 
cycles. 


When 
the highest 
address 
is reached 
($1 FF), the ad- 


dress 
counter 
rolls over to address 
$000 
and 
reading 
may be continued 
indefinitely. 


Reset Sequence 


The 
reset 
sequence 
resets 
the 
X84041 
and 
sets 
an 
internal write enable latch. A reset sequence 
can be sent 
at any 
time 
by performing 
a read/write 
"O"/read 
se- 


quence 
(see Figs. 1 and 2). This sequence 
breaks 
the 
multiple 
read or write cycle sequences 
that are normally 
used 
when 
reading 
from 
or writing 
to the 
part. 
This 
sequence 
can be used at any time to interrupt 
or end a 
sequential 
read or page load. As soon as the write "0" 


cycle is complete, 
the part is reset (unless 
a nonvolatile 
write cycle is in progress). 
The second 
read cycle in this 
sequence, 
and any further 
read cycles, will read a HIGH 
on the I/O pin until a valid read sequence 
is issued. 
The 
reset sequence 
must be issued at the beginning 
of both 
read 
and 
write 
sequences 
to 
be 
sure 
the 
X84041 
initiates 
these operations 
properly. 


Write Sequence 


A nonvolatile 
write sequence 
consists 
of sending a reset 


sequence, 
a 16-bit address 
(the first 7 of which are don't 


cares), 
up to 8 bytes of data, and then a special 
"start 
nonvolatile 
write cycle" command 
sequence. 
The reset 
sequence 
is issued 
first 
(as described 
in the 
Reset 
Sequence 
section) 
to set the internal write enable latch. 


The address 
is written 
serially 
by issuing 
16 separate 


write 
cycles 
(WE and CE LOW, 
OE HIGH) 
to the part 
without 
any 
read cycles 
between 
the writes. 
The ad- 


dress is sent serially, 
most significant 
bit first, on the I/O 


pin. Up to eight bytes of data are written by issuing either 
8, 16, 24, 32, 40, 48, 56, or 64 separate 
write cycles. 


Again, 
no read cycles 
are allowed 
between 
writes. The 
nonvolatile 
write 
cycle 
is initiated 
by issuing 
a special 


read/write 
"1 "/read sequence. 
The first read cycle ends 
the page load, then the write "1" followed 
by a read starts 
the nonvolatile 
write cycle. 
The X84041 
recognizes 
8- 


byte pages beginning 
at addresses 
XXXXXXOOO. When 


sending 
data to the part, attempts 
to exceed 
the upper 


address 
of the page will result 
in the address 
counter 


"wrapping-around" 
to the 
first 
address 
on the 
page, 


where data loading can continue. 
Forthis 
reason, send- 
ing more 
than 
64 consecutive 
data 
bits will 
result 
in 
overwriting 
previous 
data. A nonvolatile 
write cycle will 
not start 
if a partial 
or incomplete 
write 
sequence 
is 
issued. The internal write enable 
latch is reset when the 


nonvolatile 
write cycle is completed 
to prevent 
inadvert- 
ent writes. Note that this sequence 
is fully static, with no 


special 
timing 
restrictions. 
The 
processor 
is free 
to 


perform 
oth~ 
tasks 
on the 
bus 
whenever 
the 
chip 
enable 
pin (CE) is HIGH. 


Nonvolatile 
Write Status 


The status of a nonvolatile 
write cycle can be determined 
at any time by simply 
reading the state of the I/O pin on 


the X84041. 
This pin is read when OE and CE are LOW 
and WE is HIGH. 
During 
a nonvolatile 
write 
cycle 
the 


I/O pin is LOW. 
When 
the 
nonvolatile 
write 
cycle 
is 


complete, 
the I/O pin goes HIGH. A reset sequence 
can 
also be issued during 
a nonvolatile 
write cycle with the 
same 
result: 
I/O is LOW as long as a nonvolatile 
write 
cycle is in progress, 
and I/O is HIGH when the nonvola- 
tile write cycle is done. 


-- 


.....-_------------------------------(){Hj- 


START 


NONVOLATILE 


WRITE 


Write Protection 


The following circuitry has been included to prevent 
inadvertent nonvolatile writes: 


SYMBOL 
TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 


JlT 


May change 
Will change 


from LOW to 
from LOW to 


HIGH 
HIGH 


~ 


May chan~e 
Will change 


from HIG 
to 
from HIGH to 


LOW 
LOW 


XXXX 


Don't Care: 
Chan~ng: 


Changes 
State 
ot 
Allowed 
Known 


~ 


N/A 
Center Line 
is High 
Impedance 


- 
The internal 
Write 
Enable 
latch is reset upon 


power-up. 


- 
A reset sequence must be issued to set the internal 
write enable latch before starting a write sequence. 


-A 
special 
"start 
nonvolatile 
write" 
command 
sequence is required to start a nonvolatile write 
cycle. 


- 
The internal Write Enable latch is reset automatically 
at the end of a nonvolatile write cycle. 


- 
The internal Write Enable latch is reset and remains 
reset as long as the WP pin is LOW, which blocks all 
nonvolatile write cycles. 


ABSOLUTE MAXIMUM RATINGS· 


Temperature 
under 
Bias 
-65°C 
to + 135°C 


Storage 
Temperature 
-65°C 
to + 150°C 


Terminal 
Voltage 
with 
Respect 
to VSS 
-1V 
to +7V 


DC Output 
Current 
5mA 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


·COMMENT 


Stresses 
above those listed under "Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 


of the device 
at these 
or any other 
conditions 
above 
those indicated 
in the operational 
sections 
of this speci- 


fication 
is not implied. 
Exposure 
to absolute 
maximum 
rating conditions 
for extended 
periods 
may affect device 
• 
reliability. 


Supply Voltage 
Limits 


X84041 
5V +10% 


X84041 
-3 
3V±10% 


X84041 
- 2.7t 
2.7V to 5.5V 


D.C. OPERATING CHARACTERISTICS (Vcc = 5V ±10%) 
(Over the recommended 
operating 
conditions, 
unless otherwise 
specified.) 


Limits 


Symbol 
Parameter 


ICC1 
Vcc 
Supply 
Current 
(Read) 


-1 


Vcc 
x 0.7 


Units 


mA 


=5V±10% 


=5V±10% 


D.C. OPERATING 
CHARACTERISTICS 
(Vcc = 3V ±10%) 


(Over the recommended 
operating 
conditions, 
unless otherwise 
specified.) 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Icc1 
Vcc 
Supply 
Current 
(Read) 
250 
llA 
OE = VIL, WE = VIH, 
I/O = Open, 
CE clockinq 
@ 2MHz 


Icc2 
Vcc 
Supply 
Current 
(Write) 
1 
mA 
Icc During 
Nonvolatile 
Write 
Cycle 


All Inputs at CMOS 
Levels 


IS81 
Vcc 
Standby 
Current 
10 
llA 
CE = Vcc, 
Other 
Inputs = Vcc 
or Vss 


Vr.r. = 3V ±10% 


III 
Input Leakage 
Current 
10 
uA 
VIN = Vss to Vcc 


ILCl 
Output 
Leakaqe 
Current 
10 
llA 
VClIIT = Vs" 
to Vcr. 
VIL(1) 
Input LOW Voltage 
-1 
Vcr. x 0.3 
V 


VIH(1) 
Input HIGH Voltaqe 
Vcc 
x 0.7 
Vcc + 0.5 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL = 1mA, Vcc = 3V ±10% 


VOH 
Output 
HIGH Voltage 
Vcc - 0.4 
V 
IOH = -40011A, Vcc = 3V ±10% 


Symbol 
Parameter 
Max. 
Units 
Test Conditions 


CI/O(2) 
Input/Output 
Capacitance 
8 
pF 
VitO = OV 
CIN(2) 
Input Capacitance 
6 
pF 
VIN = OV 


Symbol 
Parameter 
Max. 
Units 


tpUR(3) 
Power-up 
to Read Operation 
2 
ms 
tpUW(3) 
Power-up 
to Write Operation 
5 
ms 


Notes: 
(3) Time delays required from the time the Vcc is stable until the specific operation can be initiated. 


Periodically sampled, but not 100% tested. 


Input Pulse Levels 
Vcc 
x 0.1 to Vcc x 0.9 


Input Rise and Fall Times 
5ns 


Input and Output 
Vcc x 0.5 
Timing 
Levels 


OUTPUT 


3.03KQ 


OUTPUT 


4.58KQ 
• 


A.C. CHARACTERISTICS 
(Over the recommended 
operating 
conditions, 
unless otherwise 
specified.) 


Read Cycle Limits - X84041 


Vcc= 5V±10% 
Vcc=3V±10% 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Units 


tRC 
Read Cycle Time 
300 
300 
ns 


tCE 
CE Access 
Time 
45 
65 
ns 


tOE 
OE Access 
Time 
45 
65 
ns 


tlOW 
CE LOW Time 
70 
70 
ns 


tHIf.lH 
CE HIGH Time 
70 
70 
ns 


tLZ(4) 
CE LOW to Output 
In Low Z 
0 
0 
ns 


tHZ(4) 
CE HIGH to Output 
In High Z 
0 
30 
0 
35 
ns 


tOLZ(4) 
OE LOW to Output 
In Low Z 
0 
0 
ns 


tOH7(4) 
OE HIGH to Output 
In Hiqh Z 
0 
30 
0 
35 
ns 


tOH 
Output 
Hold from CE or OE HIGH 
0 
0 
ns 


tWES 
WE HIGH Setup Time 
25 
25 
ns 


tWEH 
WE HIGH Hold Time 
25 
25 
ns 


Notes: 
(4) Periodically 
sampled, but not 100%tested. tHZand 10HZare measured from the point where CE or OE goes 
HIGH (whichever 
occurs first) to the time when 1/0 is no longer being driven into a 5pF load. 


Vcc = 5V ±10% 
Vcc = 3V ±10% 
Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Units 


tNvWC(5) 
Nonvolatile 
Write Cvcle Time 
10 
10 
ms 


twr. 
Write 
Cycle Time 
300 
300 
ns 


twP 
WE Pulse Width 
30 
30 
ns 


tWPH 
WE HIGH 
Recovery 
Time 
200 
200 
ns 


tcs 
Write 
Setup Time 
0 
0 
ns 


tr~H 
Write 
Hold Time 
0 
0 
ns 


tcp 
CE Pulse Width 
30 
30 
ns 


tCPH 
CE HIGH Recovery 
Time 
200 
200 
ns 


tOES 
OE HIGH Setup Time 
50 
50 
ns 


tOEH 
OE HIGH Hold Time 
50 
50 
ns 


tDS(6) 
Data Setup Time 
30 
30 
ns 


tDH(6) 
Data Hold Time 
5 
5 
ns 


twpCS(7) 
WP HIGH Before 
CE 
500 
500 
ns 


tWPCH(7) 
WP HIGH After CE 
500 
500 
ns 


tWPW~(7) 
WP HIGH Before WE 
500 
500 
ns 


tWPWH(7) 
WP HIGH After WE 
500 
500 
ns 


Notes: (5) tNvwCis the time from the fallingedgeof OE or CE (whicheveroccurslast)of the secondreadcycle in the 


"start nonvolatilewrite cycle"sequenceuntilthe self-timed,internalnonvolatilewrite cycleis completed. 
(6) Datais latchedintothe X84041 
on the risingedgeof CE or WE,whicheveroccursfirst. 


(7) Periodicallysampled,but not 100%tested. 


tCH 


toEH 


X84041 
T 


-xL Vcc 
Range 
Blank = 4.5V to 5,5V 
3 = 2.7V to 3.3V 
2.7 = 2.7V to 5,5V 


Temperature 
Range 
Blank = Commercial 
= O°C to +70°C 
I = Industrial 
= -40°C 
to +85°C 


Package 
P = 8-Lead 
Plastic 
DIP 
S = 8-Lead 
SOIC 
V = 14-Lead 
TSSOP 


LIMITED WARRANTY 


Devices 
sold by Xicor, Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms of Sale only. Xicor, 
Inc. makes no warranty, 
express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent 
infringement. 


Xicor, Inc. makes no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 
prices at any time and without 
notice. 


Xicor, Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4,263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4.326,134; 
4,393,481; 
4,404,475; 


4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 967; 4,883, 976. Foreign 
patents 
and 
additional 
patents 
pending. 


LIFE RELATED 
POLICY 


In situations 
where semiconductor 
component 
failure may endanger 
life, system designers 
using this product should design the system 
with appropriate 
error 


detection 
and correction, 
redundancy 
and back·up 
features 
to prevent 
such an occurence. 


Xicor's products 
are not authorized 
for use in critical components 
in life support devices or systems. 
1. Life support 
devices 
or systems 
are devices 
or systems 
which, (a) are intended 
for surgical 
implant 
into the body, or (b) support 
or sustain 
life, and whose 


failure to perform, 
when properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 
injury to the user. 


2. A critical 
component 
is any component 
of a life support device or system whose failure to perform 
can be reasonably 
expected 
to cause the failure of the life 


support 
device 
or system, 
or to affect its safety or effectiveness. 


liCD~ 


FEATURES 


• 1.8V to 3.6V Read and Program "Univolt" 
Power Supply 


• Low Power CMOS 


-Active 
Read Current Less Than 1mA 


-Active 
Program Current Less Than 3mA 


-Standby 
Current Less Than 1flA 


• Internally Organized 1K/2K/4K/8K x 8 
• New Programmable 
BlockLock 
Protection 


-Software 
Write Protection 


-Programmable 
hardware Write Protect 


• BlockLock 
(0, 1/4, 1/2, or all of the Flash 


Memory array) 
• 2 Wire Serial Interface 
• Bidirectional 
Data Transfer Protocol 


• 32 Byte Sector Programming 
• Self Timed Program Cycle 


-Typical 
Programming Time of 5ms 


Per Sector 


• High Reliability 


-Endurance: 
100,000 Cycles 


-Data 
Retention: 100 Years 


• Available Packages 


-8-Lead 
Mini-DIP 


-8-Lead 
SOIC (JEDEC) 


-14-Lead 
TSSOP (X24F008/016/032) 


-20-Lead 
TSSOP (X24F064) 


DESCRIPTION 


The X24F008/016/032/064 is a CMOS SerialFlash 
Memory Family,internally organized 1K/2K14K18Kx 8. 
The family features a serial interface and software 
protocol allowing operation on a simple two wire bus. 


Two device select inputs (Sl-82) 
allow up to four 


devicesto share a common two wire bus. 


A Program Protect Register at the highest address 
location, provides three new programming protection 
features: Software Programming Protection, Block- 
Lock Protection, and Hardware Programming Protec- 
tion. The Software Programming Protection feature 
prevents any nonvolatile writes to the device until the 
WEL bit in the program protect register is set. The 
BlockLock™Protection feature allows the user to indi- 
vidually protect four blocks of the array by program- 
ming two bits in the programming protect register.The 
Programmable Hardware Program Protect feature 
allows the user to install each device with PP tied to 
VCC' program the entire memory array in place, and 
then enable the hardware programming protection by 
programming a PPEN bit in the program protect 
register. After this, selected blocks of the array, 
including the 
program protect register itself, are 


permanentlyprotectedfrom being programmed. 


COMMAND 
DECODE 
AND CONTROL 
LOGIC 


SECTORED 
MEMORY 


ARRAY 


-- 


Xicor SerialFlash Memories are designed and tested for 
applications requiring extended endurance. Inherent 
data retention is greater than 100 years. 


PIN DESCRIPTIONS 


Serial Clock (SCL) 
The SCL input is used to clock all data into and out of 
the device. 


Serial Data (5DA) 


SDA is a bidirectional pin used to transfer data into 
and out of the device. It is an open drain output and 
may be wire-ORed with any number of open drain or 
open collector outputs. 


An open drain output requires the use of a pull-up 
resistor. For selecting typical values, refer to the pull- 
up resistor selection graph at the end of this data 
sheet. 


Device Select (SO, SO,S1, 51, 52, 52) 


The device select inputs are used to set the device 
select bits of the 8-bit slave address. This allows 
multiple devices to share a common bus. These inputs 
can be static or actively driven. If used statically they 
must be tied to Vss or Vcc as appropriate. If actively 
driven, they must be driven with CMOS levels (driven 
to Vcc or Vss). 


Program Protect (PP) 


The 
program 
protect 
input controls 
the hardware 
program protect feature. When held LOW, hardware 
program protection is disabled and the X24F008/0161 
032/064 
can be programmed 
normally. When this 
input is held HIGH, and the PPEN bit in the program 
protect register is set HIGH, program protection is 
enabled, and nonvolatile writes are disabled to the 
selected blocks as well as the program protect register 
itself. 


Symbol 
Description 


SO,SO,S1,S1,S2,S2 
Device Select Inputs 
-------_._- 


SDA 
Serial Data 


SCL 
Serial Clock 


PP 
Program Protect 


Vss 
Ground 


Vcc 
Supply Voltage 


NC 
No Connect 


DEVICE 
OPERATION 


The X24F008/016/032/064 
supports a bidirectional bus 


oriented protocol. The protocol defines any device that 
sends data onto the bus as a transmitter, and the re- 
ceiving device as the receiver. The device controlling 
the transfer is a master and the device being controlled 
is the slave. The master will always initiate data trans- 
fers, and provide the clock for both transmit and receive 
operations. Therefore, the X24F008/016/032/064 
will 


be considered a slave in all applications. 


Clock and Data Conventions 


Data states on the SDA line can change only during 
SCL LOW. SDA state changes during SCL HIGH are 
reserved for indicating start and stop conditions. Refer 
to Figures 1 and 2. 


Start Condition 


All commands are preceded by the start condition, 
which is a HIGH to LOW transition of SDA when SCL is 
• 
HIGH. The X24F008/016/032/064 
continuously moni- 
tors the SDA and SCL lines for the start condition and 
will not respond to any command until this condition 
has been met. 


SCL 
V 
'LJ; 
~ 


I 
I 
I 
I 


/: 
I 


X 


I 


~ 
SDA 
I 
I 
I 
I 
I 
I 


I 
DATA STABLE 
I DATA 
I 
CHANGE 
6686 
ILL Fa4 


Notes: 
(5) Typical values are for TA= 25°C and nominal supply voltage (2.7V) 
(6) tpR is the minimum cycie time from the system perspective when polling techniques are not used. It is the maximum time the 
device requires to perform the internal program operation. 


:\~~/ 
I 
I 


I 
I 
I 


START BIT 


\~---'/: 
I 


I 


I 
I 
I 
STOP BIT 


Stop Condition 
All communications 
must be terminated by a stop 


condition, which is a LOW to HIGH transition of SDA 
when SCL is HIGH. The stop condition is also used to 
place the device into the standby power mode after a 
read sequence. A stop condition can only be issued 
after the transmitting device has released the bus. 


Acknowledge 


Acknowledge is a software convention used to indi- 
cate successful data transfer. The transmitting device, 
either master or slave, will release the bus after trans- 
mitting eight bits. During the ninth clock cycle the 
receiver will pull the SDA line LOW to acknowledge 
that it received the eight bits of data. Refer to Figure 3. 


DATA OUTPUT 


FROM 
TRANSMITTER 


DATA 
OUTPUT 
FROM 


RECEIVER 


The 
X24FOOS/016/032/064 
will 
respond 
with 
an 


acknowledge after recognition of a start condition and 
its slave address. If both the device and a write opera- 
tion have been selected, the X24FOOS/016/0321064 
will respond with an acknowledge after the receipt of 
each subsequent eight-bit word. 


In the 
read 
mode the 
X24FOOS/016/032/064 
will 


transmit eight bits of data, release the SDA line and 
monitor the line for an acknowledge. If an acknowl- 
edge is detected and no stop condition is generated by 
the master, the X24FOOS/016/032/064 
will continue to 


transmit data. If an acknowledge is not detected, the 
device will terminate further data transmissions. The 
master must then issue a stop condition to return the 
X24FOOS/016/032/064 
to the standby power mode 


and place the device into a known state. 


S 
T 
SLAVE 
S 
~ 
ADDRESS 
SECTOR ADDRESS 
DATA n 
DATA n+1 
DATA n+31 
6 


T~~~~ 
~p 
~ : : : : : : LJ : : : : : : :u :::::::u :::::::LO'!: : : : : : : LB 
A 
A 
A 
A 
A 
C 
C 
C 
C 
C 
KKK 
K 
K 


DEVICE 
ADDRESSING 


Following a start condition the master must output the 
address of the slave it is accessing (see Figure 4). The 
next two bits are the device select bits. A system could 
have up to eight X24FOOS/016/032's 
on the bus or up 


to four 24F064's on the bus. The device addresses are 
defined by the state of the SO, S1 and S2 inputs. Note 
some of the slave addresses must be the inverse of 
the corresponding input pin. 


Figure 4. Slave Address 


DEVICE 
SELECT 
,-----"'------, , 


I 
S2 
: 
S1 
I 
A12 


X24F064 


HIGH ORDER 


WORD ADDRESS 


A 
, 


A11 
: 
AlO 
A9: 
AS 
: 
RNI 


X24F032 


HIGH ORDER 


WORD ADDRESS 
A 


DEVICE 
SELECT 


~, 
I 
S2 
: 
S1 I-s-o-: -A-1-1~:-A1-0--A-9~:-A-S--R-Nl- 


DEVICE 
TYPE 
DEVICE 
HIGH ORDER 


IDENTIFIER 
SELECT 
WORD ADDRESS 
,-----A-..,~,...--------"- 


I 
: 
S2 
I 
S1 
: 
SO 
: 
A10 
: 
A9 
: 
AS 
: 


DEVICE 
X24F008 
TYPE 
DEVICE 
HIGH ORDER 


IDENTIFIER 
SELECT 
WORD ADDRESS 
,-----"'------,~,-----"'------, 


I 
1 
: 
0 
I 
S1 
: 
SO 
: 
S2 
: 
A9 
: 
AS 
: 
Rm 
I 


Also included in the slave address are an extension of 
the array's address and are concatenated with the 
eight 
bits of address 
in the word 
address 
field, 


providing 
direct 
access 
to 
the 
whole 
SerialFlash 


Memory array. 


The last bit of the slave address defines the operation 
to be performed. When set HIGH a read operation is 
selected, when set LOW a write operation is selected . 


Following the start condition, the X24FOOS/016/0321 
064 
monitors the 
SDA bus comparing 
the 
slave 


address 
being transmitted 
with 
its slave 
address 


device type identifier. Upon a correct compare the 
X24FOOS/016/032/064 
outputs an acknowledge on the 


SDA line. Depending on the state of the R/W bit, the 
X24FOOS/016/032/064 
will execute a read or write 


operation. 
• 


PROGRAMMING 
OPERATIONS 


The X24FOOS/016/032/064 
offers a 32 byte sector pro- 


gramming operation. For a program operation, the 
X24FOOS/016/032/064 
requires a second address field. 


This field contains the address of the first byte in the 
sector. Upon receipt of the address, comprised of eight 
bits, the X24FOOS/016/032/064 
responds with an ac- 
knowledge and awaits the next eight bits of data, again 
responding with an acknowledge. The master then 
transmits thirty-one more bytes. After the receipt of 
each byte, the X24FOOS/016/032/064 
will respond with 


an acknowledge. 


PROGRAM OPERATION 


COMPLETED 
ENTER ACK POLLING 


After the receipt of each byte, the low order address 
bits are internally incremented by one. The high order 
eight bits of the word address remain constant. If the 
master should transmit more or less than 32 bytes prior 
to generating the stop condition, the contents of the 
sector cannot be guaranteed. All inputs are disabled 
until completion of the internal program cycle. Refer to 
Figure 5 for the address, acknowledge and data trans- 
fer sequence. 


Acknowledge 
Polling 


The disabling of the inputs can be used to take advan- 
tage of the typical 5ms program cycle tirne. Once the 
stop condition is issued to indicate the end of the 
host's write operation the X24F008/016/032/064 
ini- 


tiates the internal program cycle. ACK polling can be 
initiated irnmediately. This involves issuing the start 
condition followed by the slave address for a write or 
read operation. If the X24F008/016/0321064 
is still 


busy with the program operation no ACK will be re- 
turned. If the X24F008/016/032/064 
has completed 


the program operation, an ACK will be returned and 
the host can then proceed with the next read or write 
operation. Refer to Flow 1. 


READ OPERATIONS 
Read operations are initiated in the same manner as 
write operations with the exception that the RIW bit of 
the slave address is set HIGH. There are three basic 
read operations: current address read, random read 
and sequential read. 


It should be noted that the ninth clock cycle of the read 
operation is not a "don't care." To terminate a read op- 
eration, the master must either issue a stop condition 
during the ninth cycle or hold SDA HIGH during the 
ninth clock cycle and then issue a stop condition. 


X24F008/016/0321064 


Current Address 
Read 
Internally the X24F008/016/032/064 
contains an ad- 
dress counter that maintains the address of the last 
byte read, incremented by one byte. Therefore, if the 
last read was from address n, the next read operation 
accesses data from address n + 1. Upon receipt of the 
slave address with the RJW set HIGH, the X24F0081 
016/0321064 
issues an acknowledge and transmits the 
eight-bit word. The read operation is terminated by the 
master; by not responding with an acknowledge and by 
issuing a stop condition. Refer to Figure 6 for the se- 
quence of address, acknowledge and data transfer. 


Random Read 


Random read operations allow the master to access 
any memory location in a random manner. Prior to is- 
suing the slave address with the RIW bit set HIGH, the 
master must first perform a "dummy" write operation. 
The master issues the start condition, and the slave ad- 
dress with the RJW bit set LOW, followed by the byte 
address it is to read. After the byte address acknowl- 
edge, the master immediately reissuesJ..hestart condi- 
• 
tion and the slave address with the RIW bit set HIGH. 
This will be followed by an acknowledge from the 
X24F008/016/0321064 
and then by the eight-bit byte. 
The read operation is terminated by the master; by not 
responding with an acknowledge and by issuing a stop 
condition. Refer to Figure 7 for the address, acknowl- 
edge and data transfer sequence. 
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K 
DATA n 
DATA n+1 
DATA n+2 
DATA n+x 


T 
T 
T 
I 
T 


MASTER 
SLAVE 
SLAVE 
MASTER 
TRANSMITTER! 
TRANSMITTERI 
MASTER 
RECEIVER 
TRANSMITTER 
TRANSMITTER! 


RECEIVER 
RECEIVER 
RECEIVER 


Sequential Read 


Sequential reads can be initiated as either a current 
address read or random access read. The first byte is 
transmitted as with the other modes, however, the 
master now responds with an ac.knowledge, indicating 
it requires additional data. The X24FOOS/016/032/064 
continues 
to 
output 
data 
for 
each 
acknowledge 


received. The read operation is terminated by the 
master; by not responding with an acknowledge and 
then issuing a stop condition. 


SDA 


SCL 


The data output is sequential, with the data from 
address n followed by the data from n + 1. The address 
counter for read operations increments all address bits, 
allowing the entire memory contents to be serially read 
during one operation. At the end of the address space, 
the counter "rolls over" to 0 and the X24FOOS/016/0321 
064 continues to output data for each acknowledge 
received. 
Refer 
to 
Figure 
S 
for 
the 
address, 


acknowledge and data transfer sequence. 


VCC 


PULL-UP 
RESISTORS 


PROGRAM 
PROTECT 
REGISTER 


The Program Protect Register (PPR) is located at the 
highest address of each device: 
X24F008 = 03FF 
X24F016 = 07FF 
X24F032 = OFFF 
X24F064 = 1FFF 


- 
Write Enable Latch (Volatile) 
o = Write enable latch reset, programming disabled 
1 = Write enable latch set, programming enabled 


If WEL = 0 then "no ACK" after first byte of input data. 


PPR.2= RWEL 
- 
Register Write Enable Latch (Volatile) 
o = Register write enable latch reset, programming 
disabled 
1 = Register write enable latch set, programming 
enabled 


PPR.3, PPR.4 = BLO, BL1 
- 
BlockLock Bits (Nonvolatile) 


(See BlockLock section for definition) 


PPR.7 = PPEN 
- 
Programming Protect Enable Bit (Nonvolatile) 


(See Hardware Programming Protect section for defini- 
tion) 


Writing 
to the Program 
Protect 
Register 


The Program Protect Register is written by performing 
a write of one byte directly to the highest address loca- 
tion. During normal Sector Programming, the byte in 
the array at the highest address will be written instead 
of the Program Protect Register (assuming program- 
ming is not disabled by the BlockLock register). 


The state of the Program Protect Register can be read 
by performing a random read at the highest address 
location at any time. If a sequential read starting at any 


other address than the highest address location is 
performed, the contents of the byte in the array at the 
highest address location is read out instead of the 
Program Protect Register. 


WEL and RWEL are volatile latches that power-up in 
the LOW (disabled) state. A write to any address other 
than the highest address location, where the Program 
Protect Register is located, will be ignored (no ack) 
2 


until the WEL bit is set HIGH. The WEL bit is set by 
writing 0000001x to the highest address 
location. 
Once set, WEL remains HIGH until either reset (by 
writing 00000000 to the highest address location) or 
until the part powers-up again. The RWEL bit controls 
writes to the BlockLock bits. RWEL is set by first 
setting WEL = 1 and then writing 0000011x to the 
highest address location. RWEL must be set in order 
to change the BlockLock bits, BLO and BL1, or the 
PPEN bit. RWEL is reset when the BlockLock or 
PPEN bits are changed, or when the part powers-up 
again. 


Programming 
the BL or PPEN 
Bits 


A three step sequence 
is required to change the 


nonvolatile BlockLock or Program Protect Enable: 


1) Set WEL = 1 (write 00000010 
to the highest 


address location, volatile write cycle) 


(Start) 


2) Set RWEL = 1 (write 00000110 to the highest 
address location, volatile write cycle) 


(Start) 


3) Set BL1, BLO,and/or PPEN bits (Write wOOyz010 to 
the highest address location) 


w = PPEN, Y= BL1, Z= BLO, 


(Stop) 


Step 3 is a nonvolatile program cycle, requiring 10ms 
to complete. RWEL is reset (0) by this program cycle, 
requiring another program cycle to set RWEL again 
before the BlockLock bits can be changed. 
RWEL 
must be 0 in step 3; if wOOyz110 is written to the 
highest address location, RWEL is set but PPEN, 
BL1 and BLOare not changed (the device remains at 
step 2). 


Block Protect Bits 
The BlockLock Bits BLO and BL1 determine which 
blocks of the memory are write-protected: 


Table 1. Block Protect Bits 


BL1 
BLO 
Array Locked 


0 
0 
None 


0 
1 
Upper 1/4 


1 
0 
Upper 1/2 


1 
1 
Full Array (WPR not included) 


Programmable Hardware Program Protect 


The 
Program 
Protect 
(PP) pin and the 
Program 


Protect Enable (PPEN) bit in the Program Protect 
Register control the programmable hardware program 
protect 
feature. 
Hardware 
program 
protection 
is 


enabled when the PP pin and the PPEN bit are both 
HIGH, and disabled when either the PP pin is LOW or 
the PPEN bit is LOW. When the chip is hardware 
program-protected, 
nonvolatile 
programming 
is 


disabled, including the Program Protect Register, the 
BL bits and the PPEN bit itself, as well as to block- 
locked sections in the memory array. Only the sections 
of the memory array that are not block-locked can be 
written. Note that since the PPEN bit is program- 
protected, it cannot be changed back to a LOW state, 
and program protection is disabled as long as the PP 
pin is held HIGH. Table 2 defines the program protec- 
tion status for each state of PPEN and PP. 


- 


Memory Array 
Memory Array 


PP 
PPEN 
(Not BlockLocked) 
(BlockLocked) 
BL Bits 
PPEN Bit 


0 
X 
Programmable 
Locked 
Programmable 
Programmable 


X 
0 
Programmable 
Locked 
Programmable 
Programmable 


1 
1 
Programmable 
Locked 
Locked 
Locked 


ABSOLUTE MAXIMUM RATINGS· 


Temperature 
Under 
Bias 


X24FOOS/0161032/064 
-65°C 
to +135°C 


Storage 
Temperature 
-65°C 
to +150°C 


Voltage 
on any Pin with 
Respect 
to Vss 
-1V 
to +7V 


D.C. Output 
Current 
5mA 


lead 
Temperature 
(Soldering, 
10 Seconds) 
300°C 


·COMMENT 


Stresses 
above 
those 
listed 
under 
"Absolute 


Maximum 
Ratings" 
may cause 
permanent 
damage 
to 


the device. 
This 
is a stress 
rating 
only 
and the func- 


tional 
operation 
of the 
device 
at these 
or any 
other 


conditions 
above 
those 
indicated 
in the 
operational 
sections 
of this specification 
is not implied. 
Exposure 


to absolute 
maximum 
rating 
conditions 
for 
extended 


periods 
may affect device 
reliability. 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Supply Voltage 


X24FOOS/0161032/064 


Limits 


1.8V to 3.6V 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Icc1 
Vcc Supply Current (Read) 
1 
mA 
SCl 
= Vcc X 0.1Ncc 
X 0.9 levels 


Icc2 
Vcc Supply Current (Write) 
3 
mA 
@ 100KHz, SOA = Open, All Other 


Inputs = Vss or Vcc - 0.3V 


Iss(1) 
Vcc Standby Current 
1 
flA 
SCl 
= SOA = Vcc, All Other 


Inputs = Vss or VCC - 0.3V 


III 
Input Leakage Current 
10 
f.lA 
VIN = Vss to Vcc 


ILO 
Output Leakage Current 
10 
flA 
VOUT = Vss to Vcc 


VIL(2) 
Input LOW Voltage 
-1 
Vcc x 0.3 
V 


VIH(2) 
Input HIGH Voltage 
Vcc x 0.7 
Vcc + 0.5 
V 


VOL 
Output LOW Voltage 
0.4 
V 
IOL= 3mA, Vcc = 3.6V 


Symbol 
Parameter 
Max. 
Units 
Test Conditions 


CI/O(3) 
Input/Output 
Capacitance 
(SOA) 
8 
pF 
Vl/o=OV 


CIN(3) 
Input Capacitance 
(S1' S2' SCL) 
6 
pF 
VIN = OV 


Notes: 
(1) 
Must perform a stop command prior to measurement. 


(2) 
V1L min. and V1H max. are for reference only and are not 100% tested. 


(3) This parameter 
is periodically sampled and not 100% tested. 


• 


Input Pulse Levels 
VccxO.1 
toVccxO.9 


Input Rise and 
Fall Times 
10ns 


Input and Output 
Timing Levels 
Vcc X 0.5 
r,,~o 


OUTPUT-i 


1100PF 


A.C. OPERATING 
CHARACTERISTICS 
(Over the recommended 
operating 
conditions, 
unless otherwise 
specified.) 


Read & Write Cycle 
Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCL 
SCL Clock Frequency 
0 
100 
KHz 


T1 
Noise Suppression 
Time 
100 
ns 


Constant at SCL, SDA Inputs 


tAA 
SCL LOW to SDA Data Out Valid 
0.3 
3.5 
Ils 


tSUF 
Time the Bus Must Be Free Before a 
4.7 
Ils 


New Transmission 
Can Start 


tHD:STA 
Start Condition 
Hold Time 
4 
Ils 


tLOw 
Clock LOW Period 
4.7 
Ils 


tHIGH 
Clock HIGH Period 
4 
fLS 


tSU:STA 
Start Condition 
Setup Time 
4.7 
Ils 
(for a Repeated 
Start Condition) 


tHD:DAT 
Data In Hold Time 
0 
Ils 


tSU:DAT 
Data In Setup Time 
250 
ns 


tR 
SDA and SCL Rise Time 
1 
Ils 


tF 
SDA and SCL Fall Time 
300 
ns 


tSU:STO 
Stop Condition 
Setup Time 
4.7 
Ils 


tDH 
Data Out Hold Time 
300 
ns 


Symbol 
Parameter 
Max. 
Units 


tpUR 
Power-up to Read Operation 
1 
ms 


tpuw 
Power-up to Write Operation 
5 
ms 


6686 
FRM T10 


Notes: 
(4) tpUR and tpuw are the delays required from the time Vcc is stabie until the specified operation can be initiated. These parameters 


are periodically sampled and not 100% tested. 


Symbol 


IpR(6) 


Parameter 


Program Cycle Time 


The program cycle time is the time from a valid stop 
condition of a write sequence to the end of the internal 
erase/program cycle. During the program cycle, the 


Bus Timing 


Typ.(S) 


5 


X24F008/016/032/064 
bus 
interface 
circuits 
are 


disabled, SDA is allowed to remain HIGH, and the 
device does not respond to its slave address. 


Notes: 
(5) Typical values are for TA~ 25°C and nominal supply voltage (2.7V). 
(6) 
tWR is the minimum cycle time to be allowed from the system perspective unless polling techniques are used. It is the maximum 
time the device requires to automatically 
complete the internal program operation. 


Guidelines 
for Calculating 
Typical 
Values 
of 


Bus Pull-Up 
Resistors 


INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 


May change 
Will change 
from LOW 
from LOW 


10 HIGH 
10 HIGH 


May change 
Will change 


from HIGH 
from HIGH 


to LOW 
to LOW 


Don·t Care: 
Changing: 
Changes 
State Not 


Allowed 
Known 


N/A 
Center Line 
is High 
Impedance 


120 


R 
- Vcc MAX -1 2Kn 
MiN - 
- 
. 
C 
100 
I 
IOLMIN 
~ 
80 
tR 
w 
RMAX=-- 
U 
I 
CSUS 
z 
60 
MAX. 
~ 
RESISTANCE 
en 
U5 
40 


wa: 
20 


0 


--- 
---- 
--- 


0 
20 
40 
60 
80 
100 
120 


BUS CAPACITANCE 
(pF) 
6686 
ILL F19.1 


• 


X24XXX 
x 
_T 


x 
T 
Temperature 
Range 
Blank = O°C to +70°C 
I = -40°C 
to +85°C 


Device 
X24F008 
X24F016 
X24F032 
X24F064 
Package 
P = 8-Lead Plastic DIP 
S = 8-Lead SOIC (JEDEC) 
V = 14-Lead TSSOP, 
20-Lead 
TSSOP 
X24F008 
X24F064 
X24F016 
X24F032 


x -- 
P = 8-Lead Plastic DIP 
Blank = 8-Lead SOIC (JEDEC) 
V = TSSOP 
X24F008 
X24F016 
X24F032 
X24F064 


X 
L-- 
Blank = O°C to +70°C 
I = -40°C 
to +85°C 


LIMITED WARRANTY 


Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification 
provisions appearing 
in its Terms of Sale only. Xicor. Inc. 


makes no warranty. 
express. 
statutory, implied, or by description 
regarding the information 
set forth herein or regarding 
the freedom 
of the 
described devices from patent infringement. 
Xicor. Inc. makes no warranty of merchantability 
or fitness for any purpose. Xicor. Inc. reserves the 
right to discontinue 
production and change specifications 
and prices at any time and without notice. 


Xicor. Inc. assumes no responsibility 
for the use of any circuitry other than circuitry embodied in a Xicor. Inc. product. No other circuits. patents. 


licenses are implied. 


U.S. PATENTS 


Xicor products are covered by one or more of the following U.S. Patents: 4.263,664; 4,274.012; 4,300,212; 4.314,265; 
4.326.134; 
4.393,481; 


4,404,475; 
4,450,402; 
4,486,769; 
4,488,060; 
4.520,461; 
4,533,846; 
4,599,706; 
4.617.652; 
4,668.932; 
4.752,912; 
4,829. 482; 4.874. 
967; 


4,883, 976. Foreign patents and additional patents pending. 


LIFE RELATED 
POLICY 


In situations 
where semiconductor 
component 
failure may endanger life, system designers using this product should design the system with 
appropriate 
error detection and correction, 
redundancy and back-up features to prevent such an occurrence. 


Xicor's products are not authorized for use in critical components in life support devices or systems. 


1. Life support devices or systems are devices or systems which. (a) are intended for surgical implant into the body, or (b) support or sustain 
life. and whose failure to perform, when properly used in accordance 
with instructions for use provided in the labeling, can be reasonably 
expected to result in a significant injury to the user. 


2. 
A critical component 
is any component 
of a life support device or system whose failure to perform can be reasonably expected to cause the 
failure of the life support device or system. or to affect its safety or effectiveness. 


icor 
® 


SerialFlash™ 
Memory With BlockLock™ 
Protection 


DESCRIPTION 


• 1MHz Clock 
Rate 
• SPI Serial Interface 
• 
8K116K132K164K 
Bits 
-32 
Byte Small 
Sector 
Program 
Mode 
• Low Power 
CMOS 
-<1/lA 
Standby 
Current 
-<SmA 
Active 
Current 
• 1.8V - 3.6V "Univolt" 
Read and 
Program 
Power 
Supply 
• BlockLock 
Protection 
-Protect 
1/4, 1/2 or all of E2pROM 
Array 
• Built-in 
Inadvertent 
Program 
Protection 
- 
Power-Up/Power-Down 
protection 
circuitry 
- 
Program 
Enable 
Latch 
-Program 
Protect 
Pin 
• Self-Timed 
Program 
Cycle 
-5ms 
Program 
Cycle Time (Typical) 
• High Reliability 
-Endurance: 
100,000 
cycles 
-Data 
Retention: 
100 Years 
-ESD 
protection: 
2000V 
on all pins 
• a-Pin 
Mini-DIP 
Package 
• 8-Lead 
150 mil SOIC 
Packages 
• 8K, 16K, 32K available 
in 14-Lead 
TSSOP, 
64K available 
in 20-lead 
TSSOP 


The X25F008/016/032/064 
family are 8/16/32/64K 
bit 
CMOS 
Serial Flash 
memory, 
internally 
organized 


x 8. They feature a "Univolt" Program and read voltage 
Serial Peripheral Interface (SPI) and software protocol 
• 
allowing operation on a simple three-wire bus. The bus 
signals are a clock input (SCK) plus separate data in (SI) 
and data out (SO) lines. Access to the device is 
controlled through a chip select (CS) input, allowing any 
number of devices to share the same bus. 


The X25F008/016/032/064 
also features two additional 
inputs that provide the end user with added flexibility. By 
asserting the HOLD input, the X25F008/016/032/064 
will ignore transitions on its inputs, thus allowing the host 
to service higher priority interrupts. The PP input can be 
used as a hardwire input to the X25F008/016/032/064 
disabling all program attempts to the status register; 
thus providing a mechanism for limiting end user capa- 
bility of altering 0, 1/4, 1/2 or all of the memory. 


The X25F008/016/032/064 
utilizes Xicor's proprietary 
flash 
cell, 
providing 
a 
minimum 
endurance 
of 100,000 cycles and a minimum data retention of 
100 years. 


COMMAND 
DECODE 
AND CONTROL 
SCK - 
LOGIC 


PIN DESCRIPTIONS 


Serial Output (SO) 


SO is a push-pull serial data output pin. During a read 
cycle, data is shifted out on this pin. Data is clocked out 
by the falling edge of the serial clock. 


Serial Input (SI) 


SI is the serial data input pin. All opcodes, 
byte 
addresses, and data to be written to the memory are 
input on this pin. Data is latched by the rising edge of the 
serial clock. 


Serial Clock (SCK) 


The Serial Clock controls the serial bus timing for data 
input and output. Opcodes, addresses, or data present 
on the SI pin are latched on the rising edge of the clock 
input, while data on the SO pin change after the falling 
edge of the clock input. 


Chip Select (CS) 


When 
CS is HIGH, the 
X25F008/016/032/064 
is 
deselected and the SO output pin is at high impedance 
and unless an internal program operation is underway 
the X25F008/016/032/064 
will be in the standby power 
mode. CS LOW enables the X25F008/016/032/064, 
placing it in the active power mode. It should be noted 
that after power-on, a HIGH to LOW transition on CS is 
required prior to the start of any operation. 


Program Protect (PP) 


When PP is LOW and the nonvolatile bit PPEN is "1", 
nonvolatile programming of the X25F008/016/032/064 
status register are disabled, but the part otherwise 
functions normally. When PP is held HIGH, all functions, 
including nonvolatile programming operate normally. 
PP going LOW while CS is still LOW will interrupt a 
programming ofthe X25F008/016/032/064 
status regis- 
ter. If the internal program cycle has already been 
initiated, PP going LOW will have no effect on program- 
ming. 


The PP pin function is blocked when the PPEN bit in 
the status register is"0". This allows the userto installthe 
X25F008/016/032/064 
into a system 
with PP pin 
grounded and still be able to program the status register. 
The PP pin functions will be enabled when the PPEN bit 
is set "0". 


Hold (HOLD) 


HOLD is used inconjunction with the CS pin to select the 
device. Once the part is selected and a serial sequence 
is underway, HOLD may be used to pause the serial 
communication with the controller without resetting the 
serial sequence. To pause, HOLD must be brought 
LOW while SCK is LOW. To resume communication, 
HOLD is brought HIGH, again while SCK is LOW. If the 
pause feature is not used, HOLD should be held HIGH 
at all times. 


8-Lead 
DIPISOIC 
csOa 
vcc 
~2 
7 
HOLD 


PP 
3 
6 
SCK 


VSS 
4 
5 
SI 


NC 


VCC 
NC 


HOLD 


NC 


NC 


SCK 


SI 


NC 
NC 


VCC 
NC 


HOLD 
cs 


NC 
NC 


NC 
SO 


NC 
NC 


SCK 
NC 


SI 
PP 
VSS 
NC 
NC 


SYMBOL 
DESCRIPTION 


CS 
Chip Select Input 
SO 
Serial Output 
SI 
Serial Input 
SCK 
Serial Clock Input 
PP 
Program Protect Input 
Vss 
Ground 
Vcc 
Supply Voltage 
HOLD 
Hold Input 
NC 
No Connect 


X25F008/016/032/064 


PRINCIPLES 
OF OPERATION 


The 
X25F008/016/032/064 
family 
are SerialFlash 


Memory designed to interface directly with the synchro- 
nous serial peripheral interface (SPI) of many popular 
microcontroller families. 


The X25F008/016/032/064 
family contains an 8-bit 


instruction register. It is accessed via the ~put, 
with 


data being clocked in on the rising SCK. CS must be 
LOW and the HOLD and PP inputs must be HIGH during 
the entire operation. The PP input is "Don't Care" if 
PPEN is set "0". 


Table 1 contains a list of the instructions and their 
operation codes. All instructions, addresses and data 
are transferred MSB first. 


Data input issampled on the first rising edge of SCK after 
CS goes LOW. SCK is static, allowing the user to stop 
the clock and then resume operations. Ifthe clock line is 
shared with other peripheral devices on the SPI bus, the 
user can assert the HOLD input to place the X25F0081 
016/032/064 
into 
a "PAUSE" 
condition. 
After 
releasing HOLD, the X25F008/016/032/064 
device will 


resume operation from the point when HOLD was first 
asserted. 


Program 
Enable 
Latch 


The 
X25F008/016/032/064 
device 
contains 
a 


program enable latch. This latch must be SET before a 
program operation will be completed internally. The 
PREN instruction will set the latch and the PROIinstruc- 
tion will reset the latch. This latch is automatically reset 
upon a power-on condition and after the completion of a 
sector program or status register write cycle. 


Status 
Register 


The RDSR instruction provides access to the status 
register. The status register may be read at any time, 
even during a program cycle. The status register is 


Table 
1. 
Instruction 
Set 


PPEN, BPOand BP1 are set by the PRSR instruction. 
PEL and PIP are read only and automatically set by 
other operations. 


The 
Programming-In-Process 
(PIP) 
bit indicates 
• 
whether the X25F008/016/032/064 
device is bUsywith 


a 
program 
operation. 
When 
set 
to 
a 
"1" 


programming is in progress, when set to a "0" no 
programming is in progress. During programming all 
other bits are set to "1". 


The Program 
Enable 
Latch 
(PEL) 
bit indicates the 


status of the program enable latch. When set to a "1" the 
latch is set, when set to a "0" the latch is reset. 


The BlockLock 
(BLO and BL 1) bits are nonvolatile and 


allows the user to select one of four levels of protection. 
The X25F008/016/032/064 
device array is divided into 


four equal segments. One, two, or all four of the seg- 
ments may be locked. That is, the user may read the 
segments but will be unable to alter (program) data 
within the selected segments. The partitioning is con- 
trolled as illustrated below. 


Status 
Register 
Bits 
Array 
Addresses 


BL1 
BLO 
Locked 


0 
0 
None 


0 
1 
upper fourth 
1 
0 
upper half 
1 
1 
All 


Program-Protect 
Enable 


The Program-Protect-Enable (PPEN) is available for 
the X25F008/016/032/064 
device as an enable bit for 


the PP pin. 


Instruction 
Name 
Instruction 
Format' 
Operation 
PREN 
0000 0110 
Set the Program Enable Latch (Enable Program Operations) 


PRDI 
0000 0100 
Resetthe Program Enable Latch (Disable Program Operations) 


ROSR 
00000101 
Read Status Register 
PRSR 
00000001 
Program Status Register 


READ 
0000 0011 
Read from Memory Array beginning at selected 
address 


PROGRAM 
0000 0010 
Program Memory Array beginning at Selected Address 
(32 Bytes) 


MT04.1 
"Instructions 
are shown MSB in leftmost position. Instructions are transferred 
MSB first. 


Locked 
Unlocked 
Status 
PPEN 
PP 
PEL Blocks 
Blocks 
Register 


0 
X 
0 
Locked 
Locked 
Locked 
0 
X 
1 
Locked 
Programmable 
Programmable 


1 
LOW 
0 
Locked 
Locked 
Locked 


1 
LOW 
1 
Locked 
Programmable 
Locked 


X 
HIGH 
0 
Locked 
Locked 
Locked 


X 
HIGH 
1 
Locked 
Programmable 
Programmable 


6685 
PGM 
T05.2 
The 
Program 
Protect 
(PP) 
pin 
and 
the 
nonvolatile 
Program 
Protect 
Enable 
(PPEN) 
bit in the Status 
Reg- 


ister control 
the programmable 
hardware 
write protect 
feature. 
Hardware 
program 
protection 
is enabled 
when 
PP pin is LOW, 
and 
the 
PPEN 
bit is "1". Hardware 
program 
protection 
is disabled 
when either the PP pin is 
HIGH or the PPEN bit is "0". When the chip is hardware 
program 
protected, 
nonvolatile 
programming 
of the Sta- 
tus Register 
in disabled, 
including 
the BlockLock 
bits 
and 
the 
PPEN 
bit 
itself, 
as 
well 
as the 
BlockLock 
sections 
in the memory 
array. 
Only the sections 
of the 
memory 
array 
that 
are 
not BlockLocked 
can be pro- 
grammed. 


Note: 
Since the PPEN 
bit is program 
protected, 
it 
cannot 
be changed 
back to a "0", as long as 
the PP pin is held LOW. 


Clock 
and Data Timing 


Data input on the Slline 
is latched 
on the rising edge of 
SCK. Data is output on the SO line by the falling edge of 
SCK. 


Read Sequence 


When reading from the Serial Flash memory array, CS is 
first pulled 
LOW to select 
the device. 
The 8-bit READ 


instruction 
is transmitted 
to the X25F008/016/032/064 
device, 
followed 
by the 16-bit address. 
After the read 
opcode 
and 
address 
are sent, 
the data stored 
in the 
memory 
at the selected 
address 
is shifted out on the SO 
line. The data stored in memory 
at the next address 
can 
be 
read 
sequentially 
by continuing 
to provide 
clock 
pulses. The address 
is automatically 
incremented 
to the 
next higher address 
after each byte of data is shifted out. 


When 
the 
highest 
address 
is reached 
the 
address 
counter 
rolls over to address 
$0000 
allowing 
the read 
cycle to be continued 
indefinitely. 
The read operation 
is 
terminated by taking CS HIGH. Refertothe 
read Serial Flash 
memory array operation 
sequence 
illustrated 
in Figure 1. 


To read the status registerthe 
CS line is first pulled LOW 
to select 
the 
device 
followed 
by the 8-bit 
instruction. 


After the read status 
register 
opcode 
is sent, the con- 
tents of the status 
register 
is shifted 
out on the SO line. 


The read status register sequence 
is illustrated 
in Figure 
2. 


Programming 
Sequence 


Prior to any attempt 
to program 
the X25F008/016/0321 


064 device the program 
enable 
latch must first be set by 
issuing the PREN instruction 
(See Figure 
3). CS is first 
taken 
LOW, then the PREN 
instruction 
is clocked 
into 
the X25F008/016/032/064 
device. 
After all eight bits of 
the instruction 
are transmitted, 
CS must then be taken 
HIGH. If the user continues 
the programming 
operation 
without taking CS HIGH after issuing the PREN instruc- 
tion the programming 
operation 
will be ignored. 


To program 
the 
Serial Flash 
memory 
array, 
the 
user 
issues the program 
instruction, 
followed 
by the address 
of the first location 
in the sector and then the data to be 
programmed. 
The data are programmed 
in a 256 clock 
operation. 
CS must go LOW and remain 
LOW for the 
duration 
of the operation. 
The 32 bytes must reside 
in 
the same sector and cannot 
cross sector boundaries. 
If 
the 
address 
counter 
reaches 
the 
end 
of the 
sector 
and the clock continues, 
or if fewer 
than 32 bytes are 
clocked in, the contents of the sector cannot be guaranteed. 


Forthe 
program 
operation 
to be completed, 
CS can only 
be brought HIGH after bit 0 of data byte 32 is clocked 
in. 


If it is brought 
HIGH 
at any 
other 
time 
the 
program 
operation 
will not be completed. 
Referto 
Figure 4 below 
for a detailed 
illustration 
of the programming 
sequence 
and 
time 
frames 
in 
which 
CS 
going 
HIGH 
are valid. 


To program 
the status register, 
the PRSR instruction 
is 
followed 
by the data to be programmed. 
Data bits 0, 1, 


4,5 and 6 must be "0". This sequence is shown in Figure 6. 


While 
the 
program 
cycle 
is in progress, 
following 
a 
status 
register 
or memory 
write 
sequence, 
the status 
register 
may be read to check 
the PIP bit. During 
this 
time the PIP bit will be HIGH. 


Hold Operation 


The HOLD input should 
be HIGH (at V1H) under normal 
operation. 
If a data transfer 
is to be interrupted 
HOLD 
can be pulled LOW to suspend 
the transfer 
until it can be 
resumed. 
The only restriction 
is the SCK input must be 
LOW when HOLD is first pulled LOW and SCK must also 
be LOW when HOLD is released. 


The HOLD input may be tied HIGH either directly 
to Vcc 


or tied to Vcc through 
a resistor. 


Operational Notes 


The device powers-on in the following state: 


• The device is in the low power standby state. 


• A HIGH to LOW transition on CS is required to 


enter an active state and receive an instruction. 


• SO pin is high impedance. 


• The program enable latch is reset. 


Data Protection 


The following circuitry has been included to prevent 
inadvertent programming: 


• The program enable latch is reset upon power-up. 


• A program enable instruction must be issued to set 


the program enable latch. 


• CS must come HIGH at the proper clock count in 
order to start a program cycle. 
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ABSOLUTE MAXIMUM RATINGS· 
Temperature 
Under 
Bias 
-65°C 
to + 135°C 


Storage 
Temperature 
-65°C 
to + 150°C 


Voltage on any Pin with Respect to VSS 
-1Vto+7V 


D.C. Output 
Current 
5mA 


Lead Temperature 


(Soldering, 
10 Seconds) 
300°C 


Temp 
Min. 
Max. 


Commercial 
O°C 
70°C 


Industrial 
-40°C 
+85°C 


·COMMENT 
Stresses 
above those listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 


of the device 
at these 
or any other 
conditions 
above 


those listed in the operational 
sections ofthis specification 
is not implied. 
Exposure 
to absolute 
maximum 
rating 


conditions for extended periods may affect device reliability. 


Supply Voltage 


X25F008/016/032/064/128 


Limits 


1.8V to 3.6V 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Ice 
Vee Supply Current (Active) 
5 
mA 
SCK = Vee x 0.1Nee 
x 0.9 @ 1MHz, 


SO = OPEN, CS = Vss 


ISB 
Vee Supply Current (Standby) 
1 
~A 
CS = Vee, 
VIN = VSS or Vee 


III 
Input Leakage Current 
10 
~A 
VIN = VSS to Vee 


ILO 
Output Leakage Current 
10 
~A 
VOUT = VSS to Vee 
VIL(l) 
Input LOW Voltage 
-1 
Vee x 0.3 
V 


VIH(l) 
Input HIGH Voltage 
Vee x 0.7 
Vec + 0.5 
V 


VOL 
Output LOW Voltage 
0.4 
V 
VCC=2.7V, 
IOL= 1.5mA 


VOH 
Output HIGH Voltage 
VCC-0.3 
V 
VCC = 2.7V, IOH = -O.4mA 


Symbol 
Parameter 
Min. 
Max. 
Units 


tpUR(3) 
Power-up 
to Read Operation 
1 
ms 


tpUW(3) 
Power-up 
to Write Operation 
5 
ms 


Symbol 
Test 
Max. 
Units 
Conditions 


COUT(2) 
Output 
Capacitance 
(SO) 
8 
pF 
VOUT= 
OV 


CIN(2) 
Input Capacitance 
(SCK, SI, CS, WP, HOLD) 
6 
pF 
VIN =OV 


(1) V1l min. and V1H max. are for reference only and are not tested. 
(2) This parameter is periodically sampled and not 100% tested. 
(3) tpURand tpuw are the delays required from the time Vcc is stable until the specified operation can be initiated. These parameters 


are periodically 
sampled and not 100% tested. 


Input Pulse Levels 
VCCxO.1 
toVcCxO.9 


Input Rise and Fall Times 
10ns 


Input and Output Timing Level 
VCCxO.5 


2.7V 


1'64~K 


OUTPUT 


4.63KQ = 
100pF I 


A.C. CHARACTERISTICS (Over recommended 
operating 
conditions, 
unless otherwise 
specified) 


Data Input Timing 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCK 
Clock Frequency 
0 
1 
MHz 


tCYC 
Cycle Time 
1000 
ns 


tLEAO 
CS Lead Time 
500 
ns 


tLAG 
CS Lag Time 
500 
ns 


tWH 
Clock HIGH Time 
400 
ns 


tWL 
Clock LOW Time 
400 
ns 


tsu 
Data Setup Time 
100 
ns 


tH 
Data Hold Time 
100 
ns 


tRI(4) 
Data In Rise Time 
2 
~s 
tFI(4) 
Data In Fall Time 
2 
~s 


tHO 
HOLD Setup Time 
200 
ns 


tco 
HOLD Hold Time 
200 
ns 


tcs 
CS Deselect 
Time 
2.0 
~s 
tpc\5) 
Program 
Cycle Time 
10 
ms 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCK 
Clock 
Frequency 
0 
1 
MHz 


tOIS 
Output 
Disable 
Time 
500 
ns 


tv 
Output 
Valid from Clock LOW 
400 
ns 


tHO 
Output 
Hold Time 
0 
ns 


tRd4) 
Output 
Rise Time 
300 
ns 
tFO(4) 
Output 
Fall Time 
300 
ns 
tLZ(4) 
HOLD 
HIGH to Output 
in Low Z 
100 
ns 
tHZ(4) 
HOLD 
LOW to Output 
in High Z 
100 
ns 


Notes: 
(4) This parameter 
is periodically sampled and not 100% tested. 


(5) !WC is the time from the rising edge of CS after a valid write sequence has been sent to the end of the self-timed internal 
nonvolatile 
program cycle. 
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I = Industrial 
= -40°C 
to +85°C 


Package 


X25F064 
P = 8-Lead 
SOIC 
S8 = 8-Lead 
SOIC 
V = 20-Lead 
TSSOP 


X25F008 
X25F016 
X25F032 
P = 8-Lead 
Plastic 
DIP 
S = 8-Lead 
SOIC 
V = 14-Lead 
TSSOP 


P = 8-Lead 
Plastic 
DIP 
Blank = 8-Lead 
SOIC 


xL 


Blank = O°C to +lO°C 
I = -40°C 
to +85°C 


LIMITED WARRANTY 


Devices 
sold by Xicor, 
Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms of Sale only. Xicor, Inc. makes 
no warranty, 
express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent 
infringement. 


Xicor, Inc. makes no warranty 
of merchantability 
or fitness 
for any purpose. 
Xicor, Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 
prices at any time and without 
notice. 


Xicor, Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4,263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 
4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 967; 4,883, 
976. Foreign 
patents 
and 
additional 
patents 
pending. 


LIFE RELATED 
POLICY 
In situations 
where semiconductor 
component 
fallure may endanger 
life, system designers 
using this product should design the system 
with appropriate 
error 
detection 
and correction, 
redundancy 
and backup 
features 
to prevent such an occurrence. 


Xicor's products 
are not authorized 
for use in critical components 
in life support devices 
or systems. 
,. 
Life support 
devices 
or systems 
are devices 
or systems 
which, (a) are intended 
for surgicai 
implant 
into the body, or (b) support 
or sustain 
life, and whose 
failure to perform, 
when properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 
injury to the user. 
2. A critical component 
is any component 
of a life support 
device or system whose failure to perform 
can be reasonably 
expected 
to cause the failure 
of the life 
support 
device 
or system, 
or to affect its safety or effectiveness. 
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• 90ns Access Time 
• Simple Byte and Page Write 
-Single 
5V Supply 
-No 
External High Voltages or VppControl 
Circuits 
-Self-Timed 
-No 
Erase Before Write 
-No 
Complex Programming Algorithms 
-No 
Overerase Problem 
• High Performance Advanced NMOSTechnology 
• Fast Write Cycle Times 
-16 
Byte Page Write Operation 
-Byte 
or Page Write Cycle: 5ms Typical 
-Complete 
Memory Rewrite: 640ms Typical 
-Effective 
Byte Write Cycle Time: 300JlS 
Typical 
• DATA Polling 
-Allows 
User to Minimize Write Cycle Time 
• JEDEC Approved Byte-Wide Pinout 
• High Reliability 
-Endurance: 
10,000 Cycles 
-Data 
Retention: 100 Years 


DESCRIPTION 


The Xicor X2804C is a 512 x 8 E2PROM, fabricated with 
an advanced, high performance N-channel floating gate 
MOS technology. Like all Xicor Programmable nonvola- 
tile memories it is a SV only device. The X2804C 
features the JEDEC approved pinout for byte-wide 
memories, compatible with industry standard RAMs, 
ROMs and EPROMs. 
-- 


The X2804C supports a 16-byte page write operation, 
typically providing a 300lls/byte 
write cycle, enabling the 
entire memory to be written in less than 640ms. The 
X2804C also features DATA Polling, a system software 
support scheme used to indicate the early completion of 
a write cycle. 


Xicor E2PROMs are designed and tested for applica- 
tions requiring extended endurance. Inherent data re- 
tention is greater than 100 years. 


PLASTIC DIP 
CERDIP 


A7 
vCC 


As 
Aa 


AS 
NC 


A4 
WE 
A3 
OE 
A2 
X2a04C 
NC 


A1 
7 
CE 


Ao 
a 
17 
1/°7 


1/°0 
9 
1S 
I/Os 


1/°1 
10 
15 
1/°5 


1/°2 
11 
14 
1/04 
vss 
12 
13 
1/°3 


6612 
FHD 
F02 


PIN DESCRIPTIONS 


Addresses (Ao-As) 


The Address inputs select an 8-bit memory location 
during a read or write operation. 


Chip Enable (CE) 


The Chip Enable input must be LOW to enable all 
read/write operations. When CE is HIGH, power con- 
sumption is reduced. 


Output Enable (OE) 


The Output Enable input controls the data output buffers 
and is used to initiate read operations. 


X BUFFERS 
LATCHES AND 
DECODER 


AO-AS 
ADDRESS 
INPUTS 


Y BUFFERS 
LATCHES AND 
DECODER 


VCC 0--- 


VSS 0--- 


Symbol 
Description 


Ao-As 
Address Inputs 
1/00-1/07 
Data Input/Output 


WE 
Write Enable 
CE 
Chip Enable 
OE 
Output Enable 
Vcc 
+SV 
Vss 
Ground 
NC 
No Connect 


4.096-BIT 
E2PROM 
ARRAY 


DEVICE OPERATION 


Read 


Read operations 
are initiated 
by both OE and CE LOW 


and 
WE 
HIGH. 
The 
read 
operation 
is terminated 
by 


either 
CE or OE returning 
HIGH. This two line control 


architecture 
eliminates 
bus contention 
in a system envi- 


ronment. 
The data bus will be in a high impedance 
state 


when either 
OE or CE is HIGH. 


Write 


Write operations 
are initiated when both CE and WE are 
LOW and OE is HIGH. The X2804C 
supports 
both a CE 


and WE controlled 
write cycle. 
That 
is, the address 
is 


latched by the falling edge of eitherCE 
orWE, whichever 


occurs last. Similarly, 
the data is latched internally 
by the 


rising edge of either CE 
or WE, whichever 
occurs first. 


A byte write operation, 
once initiated, 
will automatically 


continue 
to completion, 
typically 
within 
5ms. 


Page Write Operation 


The page write feature 
of the X2804C 
allows the entire 


memory 
to be typically 
written 
in 450ms. 
Page write 


allows two to sixteen 
bytes of data to be consecutively 


written to the X2804C 
prior to the commencement 
of the 


internal 
programming 
cycle. 
Although 
the host system 


may read data from any other device 
in the system 
to 


transfer 
to the X2804C, 
the destination 
page address 
of 


the X2804C 
should 
be the same 
on each subsequent 


strobe of the WE and CE inputs. That is, A4 through 
AlO 


must 
be the 
same 
for 
each 
transfer 
of data 
to the 


X2804C 
during 
a page write cycle. 


The page write 
mode can be entered 
during 
any write 


operation. 
Following 
the initial byte write cycle, the host 


can write an additional 
one to fifteen 
bytes in the same 


manner 
as the first byte was written. 
Each successive 


byte 
load 
cycle, 
started 
by the 
WE 
HIGH 
to 
LOW 


transition, 
must begin within 20llS of the falling 
edge of 


the preceding 
WE. If a subsequent 
WE HIGH to LOW 


transition 
is not detected 
within 20llS, the internal 
auto- 


matic programming 
cycle 
will commence. 
There 
is no 


page write window 
limitation. 
The page write window 
is 


infinitely 
wide, so long as the host continues 
to access 


the device 
within the byte load cycle time of 20IlS. 


DATA Polling 


The 
X2804C 
features 
DATA 
Polling 
as a method 
to 


indicate 
to the host system 
that the byte write or page 


write cycle has completed. 
DATA Polling allows a simple 
• 
bit test operation 
to determine 
the status of the X2804C, 


eliminating 
additional 
interrupt 
inputs or external 
hard- 


ware. 
During 
the internal 
programming 
cycle, 
any at- 


tempt 
to 
read 
the 
last 
byte 
written 
will 
produce 
the 


complement 
of that data on 1/07 (Le., write data = Oxxx 
xxxx, 
read data = 1xxx xxxx). 
Once 
the programming 


cycle is complete, 
1/07 will reflect true data. 


WRITE PROTECTION 


There are three features 
that protect the nonvolatile 
data 


from inadvertent 
writes. 


• Noise Protection-A 
WE pulse which 
is typically 


less than 10ns will not initiate 
a write cycle. 


• Vcc 
Sense-All 
functions 
are inhibited 
when Vcc 
is 
<:;.3V,typically. 


• Write 
Inhibit-Holding 
either OE LOW, WE HIGH, 


or CE HIGH during 
power-up 
and power-down, 
will 
inhibit inadvertent 
writes. 
Write cycle timing 
specifi- 


cations 
must be observed 
concurrently. 


ENDURANCE 


Xicor 
E2PROMs 
are designed 
and tested 
for applica- 


tions requiring 
extended 
endurance. 


SYSTEM CONSIDERATIONS 


Because 
the X2804C 
is frequently 
used in large memory 


arrays, 
it is provided 
with a two line control 
architecture 


for both read and write 
operations. 
Proper 
usage can 


provide the lowest possible 
power dissipation 
and elimi- 


nate the possibility 
of contention 
where multiple 
I/O pins 


share the same 
bus. 


To gain the most benefit, 
it is recommended 
that CE be 


decoded 
from 
the 
address 
bus 
and 
be used 
as the 


primary 
device 
selection 
input. Both OE and WE would 


then be common 
among 
all devices 
in the array. 
For a 


read operation 
this assures 
that all deselected 
devices 


are in their 
standby 
mode 
and that only the selected 


device(s) 
is outputting 
data on the bus. 


Because 
the X2804C 
has two power 
modes, 
standby 


and active, 
proper decoupling 
of the memory 
array is of 


prime concern. 
Enabling 
CE will cause transient 
current 


spikes. The magnitude 
of these spikes 
is dependent 
on 


the output capacitive 
loading of the I/Os. Therefore, 
the 


larger the array sharing 
a common 
bus, the larger 
the 


transient 
spikes. The voltage 
peaks associated 
with the 


current 
transients 
can 
be suppressed 
by the 
proper 


selection 
and placement 
of decoupling 
capacitors. 
As a 


minimum, 
it is recommended 
that 
a O.1JJ.F high 
fre- 


quency 
ceramic 
capacitor 
be used 
between 
Vcc 
and 


Vss at each device. 
Depending 
on the size of the array, 


the value of the capacitor 
may have to be larger. 


In addition, 
it is recommended 
that a 4.7JJ.Felectrolytic 


bulk capacitor 
be placed between 
Vcc and Vss for each 


eight devices employed 
in the array. This bulk capacitor 


is employed 
to overcome 
the voltage 
droop 
caused 
by 


the inductive 
effects 
of the PC board traces. 


ABSOLUTE MAXIMUM RATINGS' 
Temperature 
under 
Bias 


X2804C 
-10°C 
to +85°C 


X2804CI 
-65°C 
to +135°C 


Storage 
Temperature 
-65°C 
to +150°C 


Voltage 
on any Pin with 


Respect 
to VSS 
-1V 
to +7V 


D.C. Output 
Current 
5mA 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


'COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 
indicated in the operational 
sections of this specification 
is 


not implied. Exposure to absolute 
maximum 
rating condi- 


tions for extended 
periods 
may affect device 
reliability. 


Supply Voltage 


X2804C 
• 


Limits 


5V±10% 


6612 PGMT03 


Limits 


Symbol 
Parameter 
Min. 
Typ.(1) 
Max. 
Units 
Test Conditions 


Ice 
Vee Current 
(Active) 
70 
110 
mA 
CE = OE = VIL 
All I/O's = Open 
Other 
Inputs = Vee 


IS8 
Vee 
Current 
(Standby) 
35 
50 
mA 
CE = VIH, OE = VIL 
All I/O's = Open 
Other 
Inputs = Vee 


III 
Input Leakage 
Current 
10 
~ 
VIN = Vss to Vee 


ILO 
Output 
Leakage 
Current 
10 
~ 
VOUT = Vss to Vee, CE = VIH 
VIL(2) 
Input LOW Voltage 
-1 
0.8 
V 


VIH(2) 
Input HIGH Voltage 
2 
Vce +1 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL = 2.1mA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH =-400J.lA 


Notes: 
(1) Typical values are for TA = 25°C and nominal supply voltage and are not tested. 
(2) 
VIL min. and VIH max. are for reference only and are not tested. 


Parameter 
Min. 
Max. 
Unit 


Minimum 
Endurance 
10,000 
Cycles/Byte 


Data Retention 
100 
Years 


Symbol 
Parameter 
Typ.(1) 
Units 


tpUR(3) 
Power-Up 
to Read Operation 
1 
ms 


tpUW(3) 
Power-Up 
to Write Operation 
5 
ms 


Symbol 
Test 
Max. 
Units 
Conditions 


Clld3) 
Input/Output 
Capacitance 
10 
pF 
VIIO = OV 


CIN(3) 
Input Capacitance 
6 
pF 
VIN= OV 


Input Pulse Levels 
OV to 3V 


Input Rise and 
Fall Times 
5ns 


Input and Output 
Timing 
Levels 
1.5V 


CE 
OE 
WE 
Mode 
I/O 
Power 


L 
L 
H 
Read 
DOUT 
Active 


L 
H 
L 
Write 
DIN 
Active 


H 
X 
X 
Standby 
and Write 
Inhibit 
High Z 
Standby 


X 
L 
X 
Write Inhibit 
- 
- 


X 
X 
H 
Write Inhibit 
- 
- 


1100PF 


A.C. CHARACTERISTICS (Over recommended 
operating 
conditions 
unless otherwise 
specified.) 


Read Cycle Limits 


X2804C-90 
X2804C-15 
X2804C-20 
X2804C-25 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tRC 
Read Cycle Time 
90 
150 
200 
250 
ns 


tCE 
Chip Enable Access 
Time 
90 
150 
200 
250 
ns 


tAA 
Address 
Access 
Time 
90 
150 
200 
250 
ns 


tOE 
Output 
Enable 
Access 
Time 
60 
80 
100 
100 
ns 


tLZ(4) 
CE LOW to Active 
Output 
0 
0 
0 
0 
ns 


tOLZ(4) 
OE LOW to Active 
Output 
0 
0 
0 
0 
ns 


tHZ(4) 
CE HIGH to High Z Output 
50 
60 
60 
60 
ns 


tOHZ(4) 
OE HIGH to High Z Output 
50 
60 
60 
60 
ns 


tOH 
Output 
Hold from 
0 
0 
0 
0 
ns 


Address 
Change 


Notes: 
(4) 
tLZ min .• tHZ. IoLZ. and 10HZ are periodically sampled and not 100% tested. tHZ max. and 10HZ max. are measured from the 
point when CE or OE return HIGH(whichever occurs first) to the time when the outputs are no longer driven. 


• 


X2804C-90 
X2804C-15,-20,-25 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Units 


tWc(5) 
Write Cycle Time 
10 
10 
ms 
tAS 
Address Setup Time 
5 
5 
ns 


tAH 
Address Hold Time 
80 
100 
ns 


tcs 
Write Setup Time 
0 
0 
ns 


tCH 
Write Hold Time 
0 
0 
ns 
tcw 
CE Pulse Width 
80 
100 
ns 
tOES 
OE HIGH Setup Time 
10 
10 
ns 
tOEH 
OE HIGH Hold Time 
5 
10 
ns 
twp 
WE Pulse Width 
80 
100 
ns 
tWPH 
WE HIGH Recovery 
50 
50 
ns 


tov 
Data Valid 
100 
100 
J.ls 
tos 
Data Setup 
35 
50 
ns 
tOH 
Data Hold 
5 
10 
ns 
tow 
Delay to Next Write 
10 
10 
J.ls 
tSLC 
Byte Load Cycle 
1 
100 
1 
100 
J.ls 


DATAVALID 


tos 
fJYxxxxX>- 
, 


DATAOUT XXXXXXXX)>----------H-IG-H-Z----------- 


Notes: 
(5) twc 
is the minimum cycle time to be allowed from the system perspective unless polling techniques 
are used. It is the maximum 
time the device requires to automatically 
complete the internal write operation. For faster twc. 
please refer to X28C16 and 


X28HC16 
product data sheets. 


~\\\\Y 
) 


FllllA 
, 
-- 


tDS 


HIGHZ 


IIIIII 
'<lZlJ '<lZlJ '<J1lJ '<lZlJ '<lZlJ '@r 


I771A I771A Of!lA I771A I771A tJ1 


_x __ x__ x__ 


I/O~ 
__ 
X 
_ 


BYTE 0 


Notes: 
(6) 
Between successive 
byte writes within a page write operation, OE can be strobed LOW: 
e.g. this can be done with CE and WE 
HIGH to fetch data from another memory device within the system for the next write; or with WE HIGH and CE LOW effectively 
performing a polling operation. 


(?) 
The timings shown above are unique to page write operations. 
Individual byte load operations within the page write must conform 
to either the CE or WE controlied write cycle timing. 


_An 
_m~A_n 
~YlitlX~A_n 
_'IXiXIXi 


SYMBOL 
TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 


-.illT 
May change 
Will change 
from LOW 
from LOW 
to HIGH 
to HIGH 


~ 


May change 
Will change 
from HIGH 
from HIGH 
to LOW 
to LOW 


XXXX 


Don't Care: 
Changing: 


Changes 
State Not 
Allowed 
Known 
»Jt4E 


N/A 
Center Line 
is High 
Impedance 


Normalized Active Supply Current 
vs. Ambient Temperature 


() 
1.2 
.9 
o 
w 
~ 
1.0 
«::;; 
a: 
§? 
0.8 


0.6 


-55 
+25 
+125 


AMBIENT TEMPERATURE 
(0C) 


Normalized Access Time 
vs. Ambient Temperature 


« 
1.2 
1-« 
ow 
~ 
1.0 
« 
::;;a: 
§? 
0.8 


0.6 


-55 
+25 
+125 


AMBIENT TEMPERATURE 
(0C) 


Normalized Standby Supply Current 
vs. Ambient Temperature 


CD 
1.2 
CfJ 
ow 
~ 
1.0 
«::;;a: 
§? 
0.8 


0.6 
-55 
+25 
+125 


AMBIENT TEMPERATURE 
(0C) 
-- 


X2804C 
X 


DeVice---T 


x 
-xL Access 
Time 
-90 = 90ns 
-15 = 150ns 
-20 = 200ns 
-25 = 250ns 


Temperature 
Range 
Blank = Commercial = O°Cto +70°C 
I = Industrial = -40°C to +85°C 


Package 
P = 24-Lead Plastic DIP 
D = 24-Lead Cerdip 


iCOP 
® 


• 90ns Access Time 
• Simple Byte and Page Write 


-Single 
5V Supply 


-No 
External High Voltages or Vpp Control 


Circuits 


-Self-Timed 


-No 
Erase Before Write 


-No 
Complex Programming 
Algorithms 


-No 
Overerase Problem 


• High Performance 
Advanced NMOS Technology 


• Fast Write Cycle Times 


-16 
Byte Page Write Operation 


-Byte 
or Page Write Cycle: 5ms Typical 


-Complete 
Memory Rewrite: 640ms Typical 


-Effective 
Byte Write Cycle Time: 300/JS 


Typical 


• DATA Polling 


-Allows 
User to Minimize Write Cycle Time 


• JEDEC Approved 
Byte-Wide Pinout 


• High Reliability 


-Endurance: 
10,000 Cycles 


-Data 
Retention: 
100 Years 


DESCRIPTION 


The Xicor X2816C is a 2K x 8 E2PROM, fabricated with 
an advanced, high performance N-channel floating gate 
MOS technology. Like all Xicor Programmable nonvola- 
tile memories it is a 5V only device. The X2816C 
features the JEDEC approved pinout for byte-wide 
memories, compatible with industry standard RAMs, 
ROMs and EPROMs. 


The X2816C supports a 16-byte page write operation, 
typically providing a 300).l.s/bytewrite cycle, enabling the 
entire memory to be written in less than 640ms. The 
X2816C also features DATA Polling, a system software 
support scheme used to indicate the early completion of 
a write cycle. 


Xicor E2PROMs are designed and tested for applica- 
tions requiring extended endurance. Inherent data re- 
tention is greater than 100 years. 
• 


PIN CONFIGURATION 


PLASTIC 
DIP 
CERDIP 


SOIC 


A7 
1 
24 
vCC 
A6 
2 
23 
A8 
A5 
3 
22 
A9 
A4 
4 
21 
WE 


A3 
5 
20 
OE 


A2 
6 
19 
AlO 
X2816C 
A1 
7 
18 
CE 


AO 
8 
17 
1/°7 


1/°0 
9 
16 
1/°6 
1/°1 
10 
15 
1/°5 
1/°2 
11 
14 
1/04 
vss 
12 
13 
1/°3 


3852 
FHD F02 


Lec 
PLCC 


•...0 0 0 
13IW 
0 
« z z z > ~ z 


PIN DESCRIPTIONS 


Addresses (Ao-A10) 


The Address inputs select an a-bit memory location 
during a read or write operation. 


Chip Enable (CE) 


The Chip Enable input must be LOW to enable all 
readlwrite 
operations. When CE is HIGH, power con- 
sumption is reduced. 


Output Enable (OE) 


The Output Enable input controls the data output buffers 
and is used to initiate read operations. 


X BUFFERS 
LATCHES AND 
DECODER 


AO-A1O 
ADDRESS 
INPUTS 


Y BUFFERS 
LATCHES AND 
DECODER 


VCC0-- 


VSS 
0-- 


Symbol 
Description 


Ao-A1O 
Address Inputs 
1/00-1/07 
Data InpuVOutput 
WE 
Write Enable 
CE 
Chip Enable 
OE 
Output Enable 
Vcc 
+5V 
Vss 
Ground 
NC 
No Connect 


16,384-BIT 
E2PROM 
ARRAY 


DEVICE OPERATION 


Read 


Read operations are initiated by both OE and CE LOW 
and WE HIGH. The read operation is terminated by 
either CE or OE returning HIGH. This two line control 
architecture eliminates bus contention in a system envi- 
ronment. The data bus will be in a high impedance state 
when either OE or CE is HIGH. 


Write 


Write operations are initiated when both CE and WE are 
LOW and OE is HIGH. The X2816C supports both a CE 
and WE controlled write cycle. That is, the address is 
latched bythe falling edge of either CE orWE, whichever 
occurs last. Similarly, the data is latched internally bythe 
rising edge of either CE or WE, whichever occurs first. 
A byte write operation, once initiated, will automatically 
continue to completion, typically within 5ms. 


Page Write Operation 


The page write feature of the X2816C allows the entire 
memory to be typically written in 640ms. Page write 
allows two to sixteen bytes of data to be consecutively 
written to the X2816C prior to the commencement of the 
internal programming cycle. Although the host system 
may read data from any other device in the system to 
transfer to the X2816C, the destination page address of 
the X2816C should be the same on each subsequent 
strobe of the WE and CE inputs. That is, A4through A10 
must be the same for each transfer of data to the 
X2816C during a page write cycle. 


The page write mode can be entered during any write 
operation. Following the initial byte write cycle, the host 
can write an additional one to fifteen bytes in the same 
manner as the first byte was written. Each successive 


byte load cycle, started by the WE HIGH to LOW 
transition, must begin within 20J.lSof the falling edge of 
the preceding WE. If a subsequent WE HIGH to LOW 
transition is not detected within 20~s, the internal auto- 
matic programming cycle will commence. There is no 
page write window limitation. The page write window is 
infinitely wide, so long as the host continues to access 
the device within the byte load cycle time of 20J.lS. 


DATA Polling 


The X2816C features DATA Polling as a method to 
indicate to the host system that the byte write or page 
write cycle hascompleted. DATA Polling allows a simple 
3 


bittest operation to determine the status of the X2816C, 
eliminating additional interrupt inputs or external hard- 
ware. During the internal programming cycle, any at- 
tempt to read the last byte written will produce the 
complement of that data on 1/07 (Le., write data = Oxxx 
xxxx, read data = 1xxx xxxx). Once the programming 
cycle is complete, 1/07 will reflect true data. 


WRITE PROTECTION 


There arethree features that protectthe nonvolatile data 
from inadvertent writes. 


• Noise Protection-A 
WE pulse which is typically 


less than 1Onswill not initiate a write cycle. 
• Vcc Sense-All 
functions are inhibited when Vcc is 
5,3V,typically. 
• Write Inhibit-Holding 
either OE LOW, WE HIGH, 


or CE HIGH during power-up and power-down, will 
inhibit inadvertent writes. Write cycle timing specifi- 
cations must be observed concurrently. 


ENDURANCE 


Xicor E2PROMs are designed and tested for applica- 
tions requiring extended endurance. 


Because 
the X2816C 
is frequently 
used in large memory 


arrays, 
it is provided 
with a two line control 
architecture 


for both read and write 
operations. 
Proper 
usage can 


provide the lowest possible 
power dissipation 
and elimi- 


nate the possibility 
of contention 
where multiple 
I/O pins 


share the same 
bus. 


To gain the most benefit, 
it is recommended 
that CE be 


decoded 
from 
the 
address 
bus 
and 
be used 
as the 


primary 
device 
selection 
input. Both OE and WE would 


then be common 
among 
all devices 
in the array. 
For a 


read operation 
this assures 
that all deselected 
devices 


are in their 
standby 
mode 
and that only the selected 


device(s) 
is outputting 
data on the bus. 


Because 
the X2816C 
has two power 
modes, 
standby 


and active, 
proper decoupling 
of the memory 
array is of 


prime concern. 
Enabling 
CE will cause transient 
current 
spikes. The magnitude 
of these spikes 
is dependent 
on 


the output capacitive 
loading 
of the I/Os. Therefore, 
the 


larger the array sharing 
a common 
bus, the larger 
the 


transient 
spikes. The voltage 
peaks associated 
with the 


current 
transients 
can 
be suppressed 
by the 
proper 


selection 
and placement 
of decoupling 
capacitors. 
As a 


minimum, 
it is recommended 
that 
a 0.1 ~F 
high 
fre- 


quency 
ceramic 
capacitor 
be used 
between 
Vcc 
and 


Vss at each device. 
Depending 
on the size of the array, 


the value of the capacitor 
may have to be larger. 


In addition, 
it is recommended 
that a 4.7~F 
electrolytic 


bulk capacitor 
be placed between 
Vcc and V ss for each 


eight devices employed 
in the array. This bulk capacitor 


is employed 
to overcome 
the voltage 
droop 
caused 
by 


the inductive 
effects 
of the PC board traces. 


ABSOLUTE 
MAXIMUM 
RATINGS* 
Temperature 
under 
Bias 


X2816C 
-10°C 
to +85°C 


X2816CI 
-65°C 
to +135°C 


Storage 
Temperature 
-65°C 
to +150°C 


Voltage 
on any Pin with 
Respect 
to VSS 
-1V 
to +7V 


D.C. Output 
Current 
5mA 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


*COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 


indicated in the operational 
sections of this specification 
is 


not implied. Exposure to absolute 
maximum 
rating condi- 


tions for extended 
periods 
may affect device 
reliability. 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Supply 
Voltage 


X2816C 


Limits 


5V±10% 


3852 
PGM 
T03.1 


Limits 


Symbol 
Parameter 
Min. 
Typ.(1) 
Max. 
Units 
Test 
Conditions 


Ice 
Vee Current 
(Active) 
70 
110 
mA 
CE = OE = VIL 
All I/O's = Open 
Other 
Inputs = Vee 


IS81 
Vee 
Current 
(Standby) 
35 
50 
mA 
CE = VIH, OE = VIL 
All I/O's = Open 
Other 
Inputs = Vee 


III 
Input Leakage 
Current 
10 
~ 
VIN = Vss to Vee 


ILO 
Output 
Leakage 
Current 
10 
~ 
VOUT = Vss to Vee, CE = VIH 
VIL(2) 
Input LOW Voltage 
-1 
0.8 
V 


VIH(2) 
Input HIGH Voltage 
2 
Vee +1 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL = 2.1mA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH =-400J.lA 


Notes: 
(1) 
Typical values are for TA = 25°C and nominal supply voltage and are not tested. 


(2) 
VIL min. and VIH max. are for reference only and are not tested. 


Parameter 
Min. 
Max. 
Unit 


Minimum 
Endurance 
10,000 
Cycles/Byte 


Data Retention 
100 
Years 


Symbol 
Parameter 
Typ.(1) 
Units 


tpUR(3) 
Power-Up 
to Read Operation 
1 
ms 


tpUW(3) 
Power-Up 
to Write Operation 
5 
ms 


Symbol 
Test 
Max. 
Units 
Conditions 


CI/O(3) 
Input/Output 
Capacitance 
10 
pF 
Vuo = OV 


CIN(3) 
Input Capacitance 
6 
pF 
VIN= OV 


Input Pulse Levels 
OV to 3V 


Input Rise and 
Fall Times 
5ns 


Input and Output 
Timing 
Levels 
1.5V 


CE 
OE 
WE 
Mode 
I/O 
Power 


L 
L 
H 
Read 
DOUT 
Active 


L 
H 
L 
Write 
DIN 
Active 


H 
X 
X 
Standby 
and Write 
Inhibit 
High Z 
Standby 


X 
L 
X 
Write Inhibit 
- 
- 


X 
X 
H 
Write Inhibit 
- 
- 


1100PF 


A.C. CHARACTERISTICS (Over recommended 
operating 
conditions 
unless otherwise 
specified.) 


Read Cycle Limits 


X2816C-90 
X2816C-12 
X2816C-15 
X2816C-20 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tRC 
Read Cycle Time 
90 
120 
150 
200 
ns 


tCE 
Chip Enable 
Access 
Time 
90 
120 
150 
200 
ns 


tAA 
Address 
Access 
Time 
90 
120 
150 
200 
ns 


tOE 
Output 
Enable 
Access 
Time 
60 
60 
80 
100 
ns 


tLZ(4) 
CE LOW to Active 
Output 
0 
0 
0 
0 
ns 


tOLZ(4) 
OE LOW to Active 
Output 
0 
0 
0 
0 
ns 


tHZ(4) 
CE HIGH to High Z Output 
50 
60 
60 
60 
ns 


tOHZ(4) 
OE HIGH to High Z Output 
50 
60 
60 
60 
ns 


tOH 
Output 
Hold from 
0 
0 
0 
0 
ns 


Address 
Change 
• 


Notes: 
(4) tLZ min .• tHZ. tOLZ. and 10HZ are periodically sampled and not 100% tested. tHZ max. and 10HZ max. are measured from the 


point when CE or OE return HIGH (whichever occurs first) to the time when the outputs are no longer driven. 


X2816C-90 
X2816C-12,-15,-20 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Units 


twd5) 
Write Cycle Time 
10 
10 
ms 


tAS 
Address Setup Time 
5 
5 
ns 


tAH 
Address Hold Time 
80 
100 
ns 


tcs 
Write Setup Time 
0 
0 
ns 


tCH 
Write Hold Time 
0 
0 
ns 


tcw 
CE Pulse Width 
80 
100 
ns 
tOES 
OE HIGH Setup Time 
10 
10 
ns 


tOEH 
OE HIGH Hold Time 
5 
10 
ns 
twP 
WE Pulse Width 
80 
100 
ns 
tWPH 
WE HIGH Recovery 
50 
50 
ns 


tDV 
Data Valid 
100 
100 
Ils 
tDS 
Data Setup 
35 
50 
ns 


tDH 
Data Hold 
5 
10 
ns 


tDW 
Delay to Next Write 
10 
10 
Ils 
tSLC 
Byte Load Cycle 
1 
100 
1 
100 
Ils 


DATAVALID 


tDS 


DATAOUT "lX"lXxtK'/J>------------HI-GH-Z----------- 


Notes: 
(5) twc 
is the minimum cycle time to be allowed from the system perspective 
unless polling techniques 
are used. It is the maximum 
time the device requires to automatically 
complete the internal write operation. 


/III/A 


tos 


HIGHZ 


01111 
YJllJ YJllJ VI1lJ YJllJ YJllJ '@r 


!117A I111A Of!ZA !117A !117A M 


110 mxxx~ 
__ 
X__ 


BYTE 0 


Notes: 
(6) 
Between successive 
byte writes within a page write operation, OE can be strobed LOW: 
e.g. this can be done with CE and WE 
HIGH to fetch data from another memory device within the system for the next write; or with WE HIGH and CE LOW effectively 
pertonming a polling operation. 
(7) The timings shown above are unique to page write operations. 
Individual byte load operations within the page write must confonm 


to either the CE or WE controlled write cycle timing. 


_An 
~m~_An 
~'IJ1!lX__ 
An ~YYX"!Xl'A 


)-- 


SYMBOL 
TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 


-.lllr 


May change 
Will change 


from LOW 
from LOW 
to HIGH 
to HIGH 


~ 


May change 
Will change 
from HIGH 
from HIGH 
to LOW 
to LOW 


XliX 


Don't Care: 
Changing: 
Changes 
State Not 


Allowed 
Known 
H 


N/A 
Center Line 
is High 
Impedance 


Normalized Active Supply Current 
vs. Ambient Temperature 


1.4 


0 
1.2 
.9 
0 
wN 
1.0 
:J« 
:::;;a:0 
0.8 
z 


0.6 
-55 
+25 
+125 


AMBIENT TEMPERATURE 
(0C) 


3852 
FHO F09.1 


Normalized Access Time 
vs. Ambient Temperature 


« 
1.2 
f-« 
owN 
:J« 
:::;;a: 
~ 
08 


Normalized Standby Supply Current 
vs. Ambient Temperature 


1.4 


<D 
1.2 
.!!' 
0 
WN 
1.0 
:J« 
:::;;a:0 
0.8 
z 


0.6 
-55 
+25 
+125 


AMBIENT TEMPERATURE 
(0C) 


3852 
FHD 
F10.l 


0.6 
-55 
+25 
+125 


AMBIENT TEMPERATURE 
(0C) 


3852 
FHO Fl1.1 


X2816C 
X 


Device 
T 


x 
-xL Access 
Time 
-90 = 90ns 
-12 = 120ns 
-15 = 150ns 
-20 = 200ns 


'----- 
Temperature 
Range 
Blank = Commercial = O°Cto +70°C 
I = Industrial = -40°C to +85°C 


Package 
P = 24-Lead Plastic DIP 
J = 32-Lead PLCC 
D = 24-Lead Cerdip 
E = 32-Pad LCC 
S = 24-Lead Plastic SOIC 


icor 


® 


FEATURES 


• 150ns Access 
Time 


• Simple 
Byte and Page Write 
-Single 
5V Supply 
-No 
External 
High Voltages 
or Vpp Control 
Circuits 
-Self-Timed 
-No 
Erase Before Write 
-No 
Complex 
Programming 
Algorithms 
-No 
Overerase 
Problem 
• Low Power CMOS 
-60mA 
Active 
Current 
Max. 
-200JlA 
Standby 
Current 
Max. 
• Fast Write Cycle Times 
-64 
Byte Page Write Operation 
-Byte 
or Page Write Cycle: 5ms Typical 
-Complete 
Memory 
Rewrite: 
0.625 sec. Typical 
-Effective 
Byte Write Cycle Time: 781ls Typical 
• Software 
Data Protection 
• End of Write Detection 
-DATA 
Polling 
-Toggle 
Bit 
• High Reliability 
-Endurance: 
100,000 Cycles 
-Data 
Retention: 
100 Years 


• JEDEC Approved 
Byte-Wide 
Pinout 


DESCRIPTION 


The X28C64 is an 8K x 8 E2pROM, fabricated with 
Xicor's proprietary, high performance, 
floating gate 


CMOS technology. Like all Xicor programmable non- 
volatile memories the X28C64 is a 5V only device. The 
X28C64 features the JEDEC approved pinout for byte- 
wide memories,compatible with industry standard RAMs. 


The X28C64 supports a 64-byte page write operation, 
• 


effectively providing a 7811s/bytewrite cycle and en- 
abling the entire memory to be typically written in 0.625 
seconds. The X28C64 also features DATA and Toggle 
Bit Polling, a system software support scheme used to 
indicate the early completion of a write cycle. In addi- 
tion, the X28C64 includes a user-optional software data 
protection mode that further enhances Xicor's hard- 
ware write protect capability. 


Xicor E2pROMs are designed and tested for applica- 
tions requiring extended endurance. Inherent data re- 
tention is greater than 100 years. 


TSOP 


l~IS~~P§B~ ~~.9g~~~ 
PLASTIC 
DIP 
CERDIP 
FLAT PACK 
SOIC 


PIN DESCRIPTIONS 


Addresses 
(Ao-A12) 


The 
Address 
inputs 
select 
an 8-bit 
memory 
location 


during 
a read or write operation. 


Chip Enable 
(CE) 


The Chip Enable 
input must be LOW to enable all read/ 
write operations. 
When CE is HIGH, power consumption 


is reduced. 


Output 
Enable 
(OE) 


The Output 
Enable input controls 
the data output buffers 


and is used to initiate 
read operations. 


Symbol 
Description 


A(JA12 
Address 
Inputs 


1/0(J1/07 
Data InpuVOutput 


WE 
Write 
Enable 


CE 
Chip Enable 


OE 
Output 
Enable 


Vcc 
+5V 


Vss 
Ground 


NC 
No Connect 


X BUFFERS 
LATCHES AND 
DECODER 


AO-A12 


ADDRESS 


INPUTS 


Y BUFFERS 
LATCHES AND 
DECODER 


CONTROL 
LOGICAND 
TIMING 


VCC 0---- 


VSS 
0---- 


Data In/Data 
Out (1100-1/07) 


Data is written 
to or read from the X28C64 
through 
the 


I/O pins. 


Write Enable 
(WE) 


The Write Enable input controls 
the writing of data to the 


X28C64. 


PIN CONFIGURATION 


1/01 
1/02 
1/03 
1105 
1/06 
@ @ @ @ @ 


1/00 
~ 
vss 
1/04 
1/07 
@ @ @ 
@ 
@ 


A1 
A2 
CE 
AlO 
® 
® 
@ 
@ 
X2SC64 
OE 
A3 
A4 
A11 
0 ® 
@ 
@ 


As 
A12 
Vcc 
Ag 
AS 
® o 
@ 
@ 
@ 


GAs 
A7 
NC 
WE 
NC 
® 
(2) 
@ 
@ 


BOTTOM 
VIEW 


3853 FHD F04 


65,536-BIT 
E2PROM 
ARRAY 


1/00-1/07 


DATAINPUTS/OUTPUTS 


DEVICE OPERATION 


Read 


Read operations 
are initiated 
by both OE and CE LOW. 
The 
read operation 
is terminated 
by either 
CE or OE 


returning 
HIGH. This two line control 
architecture 
elimi- 


nates bus contention 
in a system environment. 
The data 


bus will be in a high impedance 
state when either OE or 


CE is HIGH. 


Write 


Write operations 
are initiated when both CE and WE are 


LOW and OE is HIGH. The X28C64 
supports 
both a CE 


and WE controlled 
write cycle. 
That 
is, the address 
is 


latched by the falling edge of eitherCE 
orWE, whichever 


occurs last. Similarly, 
the data is latched internally 
by the 


rising edge of either CE or WE, whichever 
occurs first. 


A byte write operation, 
once initiated, 
will automatically 


continue 
to completion, 
typically 
within 
5ms. 


Page Write Operation 


The page write feature 
of the X28C64 
allows the entire 


memory 
to be written 
in 0.625 
seconds. 
Page 
write 


allows two to sixty-four 
bytes of data to be consecutively 


written to the X28C64 
prior to the commencement 
of the 


internal 
programming 
cycle. 
The 
host can fetch 
data 


from 
another 
device 
within 
the system 
during 
a page 


write 
operation 
(change 
the source 
address), 
but the 


page 
address 
(A6 through 
A12) for each 
subsequent 


valid write cycle to the part during this operation 
must be 


the same 
as the initial page address. 


The page write 
mode can be initiated 
during 
any write 


operation. 
Following 
the initial byte write cycle, the host 


can write 
an additional 
one to sixty-three 
bytes in the 


same manner as the first byte was written. Each succes- 
sive byte load cycle, 
started 
by the WE HIGH to LOW 


transition, 
must begin within 1OO~s of the falling edge of 


the preceding 
WE. 
If a subsequent 
WE HIGH to LOW 


transition 
is not 
detected 
within 
100~s, 
the 
internal 


automatic 
programming 
cycle will commence. 
There 
is 


no page 
write 
window 
limitation. 
Effectively 
the page 


write 
window 
is infinitely 
wide, 
so long 
as the 
host 


continues 
to access the device within the byte load cycle 


time of 100~s. 


Write Operation Status Bits 


The 
X28C64 
provides 
the 
user 
two 
write 
operation 


status 
bits. These 
can be used to optimize 
a system 


write cycle time. 
The status 
bits are mapped 
onto the 


I/O bus as shown 
in Figure 
1. 


Figure 1. Status Bit Assignment 


~-----, 
----~ 
RESERVED 
-----TOGGlE 
BIT 


------DATA 
POLLING 


DATA Polling (V07) 


The 
X28C64 
features 
DATA 
Polling 
as a method 
to 


indicate 
to the host system 
that the byte write or page 


write cycle has completed. 
DATA Polling allows a simple 


bit test operation 
to determine 
the status of the X28C64, 


eliminating 
additional 
interrupt 
inputs or external 
hard- 


ware. 
During 
the internal 
programming 
cycle, 
any at- 


tempt 
to 
read 
the 
last 
byte 
written 
will 
produce 
the 


complement 
of that data on 1/07 (Le. write data = Oxxx 


xxxx, 
read data = 1xxx xxxx). 
Once 
the programming 


cycle is complete, 
1/07 will reflect true data. Note: If the 


X28C64 
is in the protected 
state 
and an illegal 
write 


operation 
is attempted 
DATA Polling 
will not operate. 


Toggle Bit (V06) 


The X28C64 
also provides 
another 
method 
for deter- 


mining when the internal write cycle is complete. 
During 


the 
internal 
programming 
cycle 
1/06 will 
toggle 
from 


HIGH 
to 
LOW 
and 
LOW 
to 
HIGH 
on 
subsequent 


attempts 
to read the device. 
When the internal 
cycle 
is 


complete 
the toggling 
will cease 
and the device 
will be 


accessible 
for additional 
read or write operations. 


• 


DATA Polling 1/07 
Figure 2. DATA Polling Bus Sequence 


LAST 


WE 
~ 


VOH 


X28C64 
READY 


AO-A12 
~ 
An 
X 
An 
~ 
__ 
A_n 
r 


DATA Polling can effectively 
halve the time for writing to 


the X28C64. 
The timing 
diagram 
in Figure 
2 illustrates 


the sequence 
of events 
on the bus. The software 
flow 


diagram 
in Figure 3 illustrates 
one method of implement- 


ing the routine. 


The Toggle Bit U06 
Figure 4. Toggle Bit Bus Sequence 


LAST 


WE~ 
• 


The Toggle Bit can eliminate 
the software 
housekeeping 
chore of saving 
and fetching 
the last address 
and data 
written to a device 
in order to implement 
DATA Polling. 


This can be especially 
helpful 
in an array comprised 
of 
multiple 
X28C64 
memories 
that is frequently 
updated. 
Toggle 
Bit Polling can also provide 
a method 
for status 
checking 
in multiprocessor 
applications. 
The 
timing 
diagram 
in Figure 4 illustrates 
the sequence 
of events on 
the bus. The software 
flow diagram 
in Figure 5 illustrates 
a method 
for polling the Toggle 
Bit. 


COMPARE 
ACCUMWITH 
ADDR n 


X28C64 


HARDWARE 
DATA 
PROTECTION 


The X28C64 provides three hardware features (com- 
patible with X2864A) that protect nonvolatile data from 
inadvertent writes. 


• Noise Protection-A 
WE pulse typically less than 


20ns will not initiate a write cycle. 


• Default Vcc Sense-All 
write functions are inhibited 
when Vcc is <;,3Vtypically. 
_ 


• Write Inhibit-Holding 
either OE LOW, WE HIGH, or 


CE HIGH will prevent an inadvertent write cycle during 
power-up and power-down, maintaining data integrity. 


SOFTWARE 
DATA 
PROTECTION 


The X28C64 offers a software controlled data protection 
feature. The X28C64 is shipped from Xicor with the 
software data protection NOT ENABLED; that is, the 
device will be in the standard operating mode. In this 
mode data should be protected during power-up/-down 
operations through the use of external circuits. The host 
would then have open read and write access of the 
device once Vcc was stable. 


The X28C64 can be automatically protected during 
power-up and power-down without the need for external 
circuits by employing the software data protection fea- 
ture. The internal software data protection circuit is 
enabled after the first write operation utilizing the soft- 
ware algorithm. This circuit is nonvolatile and will remain 
set for the life of the device unless the reset command 
is issued. 


Once the software protection is enabled, the X28C64 is 
also protected from inadvertent and accidental writes in 
the powered-on state. That is, the software algorithm 
must be issued prior to writing additional data to the 
device. 


SOFTWARE 
ALGORITHM 


Selecting the software data protection mode requires 
the host system to precede data write operations by a 
series of three write operations to three specific ad- 
dresses. Refer to Figure 6 and 7 for the sequence. The 
three-byte sequence opens the page write window 
enabling the host to write from one to sixty-four bytes of 
data'. Once the page load cycle has been completed, 
the device will automatically be returned to the data 
protected state. 


Note: 
'Once the three-byte 
sequence 
is issued it must be 


followed by a valid byte or page write operation. 


Software Data Protection 
Figure 6. Timing Sequence-Byte 
or Page Write 


BYTE 
OR 
PAGE 


Figure 7. Write Sequence for Software Data 
Protection 


WRITE DATAAA 
TO ADDRESS 
1555 


1 


WRITE 
DATA 55 
TO ADDRESS 
OAAA 
l 


WRITE DATAAO 
TO ADDRESS 
1555 


1 


WRITE DATA XX 
TO ANY 


ADDRESS 


Regardless of whether the device has previously been 
protected or not, once the software data protection 
algorithm isused and data has been written, the X28C64 
will automatically disable further writes unless another 
command is issued to cancel it. If no further commands 
are issued the X28C64 will be write protected during 
power-down and after any subsequent power-up. 


Note: 
Once initiated, thesequence of write operations 
should not be interrupted. 


WRITE 
LAST 
BYTE TO 
LAST ADDRESS 


AFTERtwc 


RE-ENTERS 
DATA 
PRO··ECTED 
STATE 


• 


Resetting Software Data Protection 
Figure 8. Reset Software Data Protection Timing Sequence 


Vcc 
--{C 
JJ 
C==t 


) 


STANDARD 


?twc 
OPERATING 
MODE 


( 
J 


Figure 9. Software Sequence to Deactivate 
Software Data Protection 


WRITE DATAAA 


TO ADDRESS 


1555 


In the event the user wants 
to deactivate 
the software 


data protection 
feature 
for testing 
or reprogramming 
in 


an E2PROM 
programmer, 
the following 
six step algo- 


rithm will reset the internal 
protection 
circuit. 
After twe, 


the X28C64 
will be in standard 
operating 
mode. 


Note: 
Once initiated, 
the sequence 
of write opera- 


tions should not be interrupted. 


WRITE 
DATA 55 
TOADDRESS 
OAAA 


WRITE DATAAO 


TO ADDRESS 
1555 


WRITE DATAAA 
TO ADDRESS 
1555 


WRITE 
DATA 55 
TO ADDRESS 
OAAA 


WRITE 
DATA 20 
TO ADDRESS 


1555 


SYSTEM COIISIDERATIONS 


Because 
the X 28C64 is frequently 
used in large memory 


arrays, 
it is pre vided with a two line control 
architecture 


for both read 
lnd write 
operations. 
Proper 
usage 
can 


provide the lov 'est possible 
power dissipation 
and elimi- 


nate the possil .ility of contention 
where multiple 
I/O pins 


share the sam 3 bus. 


To gain the me,st benefit 
it is recommended 
that CE be 


decoded 
from 
the 
address 
bus and 
be used 
as the 


primary 
devicE selection 
input. Both OE and WE would 


then be comm)n 
among 
all devices 
in the array. 
For a 


read operation 
this assures 
that all deselected 
devices 


are in their 
stLndby 
mode 
and that only the selected 


device(s) 
is outputting 
data on the bus. 


Because 
the X28C64 
has two power 
modes, 
standby 


and active, proper decoupling 
of the memory 
array is of 


prime concern. 
Enabling 
CE will cause transient 
current 


spikes. The magnitude 
of these spikes 
is dependent 
on 


the output capacitive 
loading of the I/Os. Therefore, 
the 


larger the array sharing 
a common 
bus, the larger the 


transient 
spikes. The voltage 
peaks associated 
with the 


current 
transients 
can 
be suppressed 
by the 
proper 


selection 
and placement 
of decoupling 
capacitors. 
As a 


minimum, 
it is recommended 
that 
a 0.1 J.lF high 
fre- 


quency 
ceramic 
capacitor 
be used 
between 
Vcc 
and 


Vss at each device. 
Depending 
on the size of the array, 


the value of the capacitor 
may have to be larger. 


In addition, 
it is recommended 
that a 4.7J.lF electrolytic 


bulk capacitor 
be placed between 
Vcc and V ss for each 


eight devices employed 
in the array. This bulk capacitor 


is employed 
to overcome 
the voltage 
droop 
caused 
by 


the inductive 
effects 
of the PC board traces. 
-- 


ABSOLUTE 
MAXIMUM 
RATINGS· 
Temperature 
under 
Bias 
X28C64 
-10°C 
to +85°C 
X28C641, X28C64M 
-65°C 
to +135°C 


Storage 
Temperature 
-65°C 
to + 150°C 


Voltage 
on any Pin with 
Respect 
to VSS 
-1V 
to +7V 


D.C. Output 
Current 
5mA 


Lead Temperature 


(Soldering, 
10 seconds) 
300°C 


RECOMMENDED 
OPERATING 
CONDITIONS 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


·COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 


indicated in the operational 
sections of this specification 
is 


not implied. Exposure to absolute 
maximum 
rating condi- 


tions for extended 
periods 
may affect device 
reliability. 


Supply 
Voltage 


X28C64 


Limits 


5V±10% 


3853 
PGM 
T03.1 


3853 
PGM T02.1 


D.C. OPERATING 
CHARACTERISTICS 
(Over the recommended 
operating 
conditions, 
unless otherwise 
specified) 


Limits 


Symbol 
Parameter 
Min. 
Typ.(1) 
Max. 
Units 
Test 
Conditions 


Ice 
Vee Current 
(Active) 
30 
60 
mA 
CE = OE = VIL. WE = VIH, All 
(TTL Inputs) 
I/O's = Open, 
Address 
Inputs = 


0.4V/2.4V 
Levels 
@ f = 5MHz 


IS81 
Vee Current 
(Standby) 
1 
2 
mA 
CE = VIH, OE = VIL 
(TTL Inputs) 
All I/O's = Open, Other Inputs = VIH 


IS82 
Vee Current 
(Standby) 
100 
200 
~A 
CE = WE = Vee - 0.3V 


(CMOS 
Inputs) 
All I/O's = Open. 
Other Inputs = Don't Care 


III 
Input Leakage 
Current 
10 
~A 
VIN = Vss to Vee 


ILO 
Output 
Leakage 
Current 
10 
~A 
VOUT= Vss to Vee. CE = VIH 
VIL(2) 
Input LOW Voltage 
-1 
0.8 
V 


VIH(2) 
Input HIGH Voltage 
2 
Vce + 1 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL= 2.1mA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH= -400~A 


Noles: (1) Typicalvaluesare for TA = 25°C andnominalsupplyvoltageandare nollesled. 
(2) VILmin. and VIHmax.are for referenceonly andare nollesled. 


Parameter 
Min. 
Units 


Minimum 
Endurance 
100,000 
Cycles/Byte 


Data Retention 
100 
Years 


Symbol 
Parameter 
Typ.(1) 
Units 


tpUR(3) 
Power-up 
to Read Operation 
100 
Ils 


tpUW(3) 
Power-up 
to Write Operation 
5 
ms • 
Symbol 
Parameter 
Max. 
Units 
Test Conditions 


Cl/d3) 
Input/Output 
Capacitance 
10 
pF 
VI/o= 
OV 


CIN(3) 
Input Capacitance 
6 
pF 
VIN= OV 


Input Pulse Levels 
OV to 3V 


Input Rise and 
Fall Times 
10ns 


Input and Output 
Timing 
Levels 
1.5V 


CE 
OE 
WE 
Mode 
1/0 
Power 


L 
L 
H 
Read 
DOUT 
Active 


L 
H 
L 
Write 
DIN 
Active 


H 
X 
X 
Standby 
and 
High Z 
Standby 


Write 
Inhibit 


X 
L 
X 
Write 
Inhibit 
- 
- 


X 
X 
H 
Write Inhibit 
- 
- 


3853 
PGM 
T09 


SYMBOL 
TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 


..JllT 
May change 
Will change 


from LOW 
from LOW 


to HIGH 
to HIGH 


~ 


May change 
Will change 


from HIGH 
from HIGH 
to LOW 
to LOW 
'ItI:i 


Don't Care: 
Changing: 
Changes 
State Not 


Allowed 
Known 
H 


N/A 
Center Line 
is High 
Impedance 


1100PF 


A.C. CHARACTERISTICS 
(Over 
recommended 
operating 
conditions, 
unless 
otherwise 
specified.) 


Read Cycle Limits 


X28C64-15 
X28C64-20 
X28C64-25 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tAC 
Read 
Cycle 
Time 
150 
200 
250 
ns 


teE 
Chip 
Enable 
Access 
Time 
150 
200 
250 
ns 


tAA 
Address 
Access 
Time 
150 
200 
250 
ns 


tOE 
Output 
Enable 
Access 
Time 
70 
80 
100 
ns 


tLZ(4} 
CE LOW 
to Active 
Output 
0 
0 
0 
ns 


tOLZ(4) 
OE LOW 
to Active 
Output 
0 
0 
0 
ns 
tHZ(4) 
CE HIGH 
to High Z Output 
50 
50 
50 
ns 


tOHZ(4) 
OE 
HIGH 
to High Z Output 
50 
50 
50 
ns 


tOH 
Output 
Hold 
from 
Address 
Change 
0 
0 
0 
ns 


Notes: 
(4) tLZ min.,tHz, IoLZ min., and 10HZare periodically sampled and not 100% tested. tHZ max. and 10HZmax. are measured, with 
CL = 5pF, from the point when CE or OE return HIGH (whichever occurs first) to the time when the outputs are no longer driven. 


Symbol 
Parameter 
Min.(7) 
Typ.(1) 
Max. 
Units 


twC(5) 
Write 
Cycle 
Time 
5 
10 
ms 


tAS 
Address 
Setup 
Time 
0 
ns 


tAH 
Address 
Hold 
Time 
100 
ns 


tes 
Write 
Setup 
Time 
0 
ns 


tCH 
Write 
Hold 
Time 
0 
ns 


tcw 
CE 
Pulse 
Width 
100 
ns 


tOES 
OE 
HIGH 
Setup 
Time 
10 
ns 


tOEH 
OE 
HIGH 
Hold 
Time 
10 
ns 


twP 
WE 
Pulse 
Width 
100 
ns 


tWPH 
WE 
HIGH 
Recovery 
200 
ns 


tWPH2(6) 
SDP 
WE 
Recovery 
1 
Ils 


tov 
Data 
Valid 
1 
Ils 


tos 
Data 
Setup 
50 
ns 


tOH 
Data 
Hold 
10 
ns 


tow 
Delay 
to Next 
Write 
10 
Ils 


tSLd7) 
Byte 
Load 
Cycle 
1 
100 
Ils 


OATA VAllO 


tos 
fJJJYYJX}- 
-' 


OATAOUT 
XXXXXXX)()--------H-IG-H-Z---------- 


Notes: 
(5) 
twc 
is the minimum cycle time to be allowed from the system perspective unless polling techniques 
are used. It is the maximum 
time the device requires to automatically 
complete the internal write operation. 


(6) 
!wPH is the normal page write operation WE recovery time. tWPH2 is the WE recovery time needed only after the end of issuing 
the three-byte 
SOP command sequence and before writing the first byte of data to the array. Refer to Figure 6 which illustrates 
the tWPH2 requirement. 


(7) 
For faster twc and tSLC times, refer to X28HC64. 


-- 


~\\\V 
) 
flll/\ 
- 


DATA VALID 


tDS 


HIGHZ 
lXIXiXIX!J 


OE 
(8 


) 
01111 


I/OXXX~~~X 


BYTE 0 
BYTE 1 


Notes: 
(8) 
Between successive 
by1e writes within a page write operation, OE can be strobed LOW: e.g. this can be done with CE and WE 
HIGH to fetch data from another memory device within the system for the next write; or with WE HIGH and CE LOW effectively 
performing 
a polling operation. 


(9) The timings shown above are unique to page write operations. 
Individual by1e load operations within the page write must 
conform to either the CE or WE controlled write cycle timing. 


_A_N _'Il:l:lX__ 
AN _'IlJUX __ 
AN _XXXXXXX 


• 


X28C64 
_T 


-xL Access 
Time 
-15 
= 150ns 
-20 = 200ns 
-25 
= 250ns 
Blank = 300ns 


L-- 
Temperature 
Range 


Blank = Commercial 
= O°C to +70°C 
I = Industrial 
= -40°C 
to +85°C 
M = Military = -55°C 
to +125°C 
MB = MIL-STD-883 


Package 
P = 28-Lead 
Plastic 
DIP 
D = 28-Lead 
Cerdip 
J = 32-Lead 
PLCC 
S = 28-Lead 
Plastic 
SOIC 
E = 32-Pad 
LCC 
K = 28-Pin 
Pin Grid Array 
F = 28-Lead 
Flat Pack 
T = 32-Lead 
TSOP 


LIMITED WARRANTY 


Devices 
sold by Xicor, 
Inc. are covered 
by the warranty 
and patent 
indemnification 
provisions 
appearing 
in its Terms 
of Sale only. Xicor, 
Inc. makes 
no warranty, 
express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent 
infringement. 


Xicor, 
Inc. makes 
no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, 
Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 
prices at any time and without 
notice. 


Xicor, 
Inc. assumes 
no responsibility 
for the use of any circuitry other than circuitry embodied 
in a Xicor, 
Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4,263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 
4,450,402; 
4,486,769; 
4,488,060; 
4.520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 967; 4,883, 976. Foreign 
patents 
and 
additional 
patents 
pending. 


LIFE RELATED 
POLICY 


In situations 
where 
semiconductor 
component 
failure 
may endanger 
life, system 
designers 
using this product 
should design 
the system 
with appropriate 
error 
detection 
and correction, 
redundancy 
and back-up 
features 
to prevent 
such an occurence. 


Xicor's products 
are not authorized 
for use in critical components 
in life support 
devices 
or systems. 
1. Life support 
devices 
or systems 
are devices 
or systems 
which, 
(a) are intended 
for surgical 
implant 
into the body, or (b) support 
or sustain 
life, and whose 


failure 
to perform, 
when 
properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 
injury to the user. 


2. A critical component 
is any component 
of a life support 
device 
or system 
whose 
failure to perform 
can be reasonably 
expected 
to cause 
the failure 
of the life 


support 
device 
or system, 
or to affect 
its safety 
or effectiveness. 


iCOP 
® 


• 55ns Access Time 
• Simple Byte and Page Write 


-Single 
5V Supply 
-No 
External High Voltages or Vpp Control 
Circuits 
-Self-Timed 
-No 
Erase Before Write 
-No 
Complex Programming 
Algorithms 
-No 
Overerase Problem 


• Low Power CMOS 


-40 
mA Active Current Max. 
-200 
J1AStandby Current Max. 


• Fast Write Cycle Times 


-64 
Byte Page Write Operation 
-Byte 
or Page Write Cycle: 2ms Typical 
-Complete 
Memory Rewrite: 0.25 sec. Typical 
-Effective 
Byte Write Cycle Time: 32!JSTypical 
• Software Data Protection 
• End of Write Detection 
-DATA 
Polling 
-Toggle 
Bit 
• High Reliability 
-Endurance: 
100,000 Cycles 
-Data 
Retention: 
100 Years 
• JEDEC Approved 
Byte-Wide Pinout 


DESCRIPTION 


The X28HC64 is an 8K x 8 E2pROM, fabricated with 
Xicor's proprietary, high performance, 
floating gate 
CMOS technology. Like all Xicor programmable non- 
volatile memories the X28HC64 is a 5V only device. The 
X28HC64 features the JEDEC approved pinout for byte- 
wide memories,compatible with industrystandard RAMs. 


The X28HC64 supports a 64-byte page write operation, 
3 


effectively providing a 32~s/byte 
write cycle and en- 
abling the entire memory to be typically written in 0.25 
seconds. The X28HC64 also features DATA Polling 
and Toggle Bit Polling, two methods providing early end 
of write detection. In addition, the X28HC64 includes a 
user-optional software data protection mode that fur- 
ther enhances Xicor's hardware write protect capability. 


Xicor E2pROMs are designed and tested for applica- 
tions requiring extended endurance. Inherent data re- 
tention is greater than 100 years. 


PLASTIC 
DIP 
CERDIP 
SOIC 


LCC 
PLCC 
~.r~~:?l~~ 


••.• C\Jcno 
MvU') 
~~~z~~g 


3857 
FHD 
F03 


32 
A3 
31 
A4 
30 
AS 


29 
As 
28 
A7 
27 
A12 
26 
NC 


25 
NC 


24 
VCC 
23 
NC 


22 
WE 
21 
NC 
20 
As 


19 
A9 


18 
All 


17 
5E 


PIN DESCRIPTIONS 


Addresses (Ao-Ad 


The 
Address 
inputs 
select 
an 8-bit 
memory 
location 


during 
a read or write operation. 


Chip Enable (CE) 


The Chip Enable input must be LOW to enable all readl 
write operations. 
When CE is HIGH, power consumption 


is reduced. 


Output Enable (OE) 


The Output 
Enable input controls 
the data output buffers 


and is used to initiate 
read operations. 


Data In/Data Out (1/00-1/07) 


Data is written to or read from the X28HC64 
through 
the 


1/0 pins. 


Write Enable (WE) 


The Write Enable input controls 
the writing of data to the 


X28HC64. 


X BUFFERS 
LATCHES AND 
DECODER 


AO-A12 


ADDRESS 


INPUTS 


Y BUFFERS 


LATCHES AND 
DECODER 


CONTROL 
LOGIC AND 
TIMING 


VCC 
0--- 


VSS 
0--- 


Symbol 
Description 


Ao-A12 
Address 
Inputs 


1/00-1/07 
Data Input/Output 


WE 
Write 
Enable 


CE 
Chip Enable 


OE 
Output 
Enable 


Vcc 
+5V 


Vss 
Ground 


NC 
No Connect 


65,536-BIT 
E2PROM 
ARRAY 


1/00-1/07 


DATAINPUTS/OUTPUTS 


DEVICE OPERATION 


Read 


Read operations 
are initiated 
by both OE and CE LOW. 
The 
read operation 
is terminated 
by either 
CE or OE 


returning 
HIGH. This two line control 
architecture 
elimi- 


nates bus contention 
in a system environment. 
The data 


bus will be in a high impedance 
state when either OE or 


CE is HIGH. 


Write 


Write operations 
are initiated when both CE and WE are 


LOW and OE is HIGH. The X28HC64 
supports 
both a 


CE and WE controlled 
write cycle. That is, the address 


is latched 
by the 
falling 
edge 
of either 
CE 
or WE, 


whichever 
occurs 
last. 
Similarly, 
the 
data 
is latched 


internally 
by the rising edge of either CE or WE, which- 


ever occurs 
first. A byte write operation, 
once initiated, 
will automatically 
continue 
to completion, 
typically within 


2ms. 


Page Write Operation 


The page write feature of the X28HC64 
allows the entire 


memory to be written in 0.25 seconds. 
Page write allows 


two to sixty-four 
bytes of data to be consecutively 
written 


to the 
X28HC64 
prior 
to the 
commencement 
of the 


internal 
programming 
cycle. 
The 
host can fetch 
data 


from 
another 
device 
within 
the system 
during 
a page 


write 
operation 
(change 
the source 
address), 
but the 


page 
address 
(As through 
Ad 
for each 
subsequent 


valid write cycle to the part during this operation 
must be 


the same as the initial page address. 


The page write 
mode can be initiated 
during 
any write 


operation. 
Following 
the initial byte write cycle, the host 


can write 
an additional 
one to sixty-three 
bytes 
in the 


same manner as the first byte was written. Each succes- 
sive byte load cycle, 
started 
by the WE HIGH to LOW 


transition, 
must begin within 1001lS of the falling edge of 


the preceding 
WE. 
If a subsequent 
WE HIGH to LOW 


transition 
is not 
detected 
within 
100i-!s, the 
internal 


automatic 
programming 
cycle will commence. 
There is 


no page 
write 
window 
limitation. 
Effectively 
the page 


write 
window 
is infinitely 
wide, 
so 
long 
as the 
host 


continues 
to access the device within the byte load cycle 


time of 100i-!s. 


Write Operation Status Bits 


The 
X28HC64 
provides 
the 
user two write 
operation 


status 
bits. These 
can be used to optimize 
a system 


write cycle time. 
The status 
bits are mapped 
onto the 


I/O bus as shown 
in Figure 
1. 


Figure 1. Status Bit Assignment 
• 


RESERVED 


----TOGGLE 
BIT 


------DATA 
POLLING 


DATA Polling (V07) 


The X28HC64 
features 
DATA 
Polling 
as a method 
to 


indicate 
to the host system 
that the byte write or page 


write cycle has completed. 
DATA Polling allows a simple 


bit test operation to determine 
the status of the X28HC64, 


eliminating 
additional 
interrupt 
inputs 
or external 
hard- 


ware. 
During 
the internal 
programming 
cycle, 
any at- 


tempt 
to 
read 
the 
last 
byte 
written 
will 
produce 
the 


complement 
of that data on 1/07 (i.e. write data = Oxxx 


xxxx, 
read data = 1xxx xxxx). 
Once 
the programming 


cycle is complete, 
1/07 will reflect true data. 


Toggle Bit (VOs) 


The X28HC64 
also provides 
another 
method 
for deter- 


mining when the internal write cycle is complete. 
During 


the 
internal 
programming 
cycle 
I/Os will 
toggle 
from 


HIGH 
to 
LOW 
and 
LOW 
to 
HIGH 
on 
subsequent 


attempts 
to read the device. 
When the internal 
cycle is 


complete 
the toggling 
will cease 
and the device 
will be 


accessible 
for additional 
read or write operations. 


DATA POLLING VOl 
Figure 2. DATA Polling Bus Sequence 


LAST 


WE~ 


DATA Polling can effectively reduce the time for writing 
to the X28HC64. The timing diagram in Figure 2 illus- 
trates the sequence of events on the bus. The software 
flow diagram in Figure 3 illustrates one method of 
implementing the routine. 


THE TOGGLE BIT 1/06 
Figure 4. Toggle Bit Bus Sequence 


LAST 


WE~ 


The Toggle Bit can eliminate 
the software 
housekeeping 
chore of saving 
and fetching 
the last address 
and data 


written to a device 
in order to implement 
DATA Polling. 


This can be especially 
helpful 
in an array comprised 
of 


multiple X28HC64 
memories 
that is frequently 
updated. 


Toggle 
Bit Polling can also provide 
a method 
for status 


checking 
in multiprocessor 
applications. 
The 
timing 


diagram 
in Figure 4 illustrates 
the sequence 
of events on 


the bus. The software 
flow diagram 
in Figure 5 illustrates 


a method 
for polling the Toggle 
Bit. 


-- 


X28HC64 


HARDWARE DATA PROTECTION 


The X28HC64 provides two hardware features that 
protect nonvolatile data from inadvertent writes. 


• Default Vcc Sense-All 
write functions are inhibited 


when Vcc is 53V typically. 
_ 


• Write Inhibit-Holding 
either OE LOW, WE HIGH, or 
CE HIGH will prevent an inadvertent write cycle during 
power-up and power-down, maintaining data integrity. 


SOFTWARE DATA PROTECTION 


The X28HC64 offers a software controlled data protec- 
tion feature. The X28HC64 is shipped from Xicor with 
the software data protection NOT ENABLED; that is,the 
device will be in the standard operating mode. In this 
mode data should be protected during power-up/-down 
operations through the use of external circuits. The host 
would then have open read and write access of the 
device once Vcc was stable. 


The X28HC64 can be automatically protected during 
power-up and power-down without the need for external 
circuits by employing the software data protection fea- 


ture. The internal software data protection circuit is 
enabled after the first write operation utiliZing the soft- 
ware algorithm. This circuit is nonvolatile and will remain 
set for the life of the device unless the reset command 
is issued. 


Once the software protection is enabled, the X28HC64 
is also protected from inadvertent and accidental writes 
in the powered-up state. That is, the software algorithm 
must be issued prior to writing additional data to the 
device. 


SOFTWARE ALGORITHM 


Selecting the software data protection mode requires 
the host system to precede data write operations by a 
series of three write operations to three specific ad- 
dresses. Refer to Figure 6 and 7 for the sequence. The 
three-byte sequence opens the page write window 
enabling the host to write from one to sixty-four bytes of 
data. Once the page load cycle has been completed, the 
device will automatically be returned to the data pro- 
tected state. 


SOFTWARE DATA PROTECTION 
Figure 6. Timing Sequence-Byte 
or Page Write 


Vcc 


OV 


Figure 7. Write Sequence for 
Software Data Protection 


WRITE DATAAA 
TO ADDRESS 
1555 


WRITE 
DATA 55 


TO ADDRESS 


OAAA 


WRITE DATAAO 


TO ADDRESS 
1555 


WRITE DATA XX 


TO ANY 
ADDRESS 


• 
WRITE 
LAST 
BYTE TO 
LAST ADDRESS 


l 


AFTER !wc 
RE-ENTERS 
DATA 
PROTECTED 
STATE 


OPTIONAL 
BYTE 
OR PAGE WRITE 
ALLOWED 


BYTE 
OR 
PAGE 


Regardless 
of whether 
the device 
has previously 
been 
protected 
or not, 
once 
the 
software 
data 
protection 
algorithm 
is used, the X28HC64 
will automatically 
dis- 
able further writes unless another command 
is issued to 


deactivate 
it. If no further 
commands 
are 
issued 
the 


X28HC64 
will 
be write 
protected 
during 
power-down 
and after any subsequent 
power-up. 


Note: 
Once initiated, the sequence of write operations 
should not be interrupted. 


-- 


RESETTING SOFTWARE DATA PROTECTION 
Figure 8. Reset Software Data Protection Timing Sequence 
(:.:=t 
] 


STANDARD 
~twc 
OPERATING 
MODE 
( 
J 


-{( 
J) 


Figure 9. Software Sequence to 
Deactivate Software Data Protection 


WRITE DATAAA 
TO ADDRESS 
1555 
! 


WRITE 
DATA 55 
TO ADDRESS 


OAAA 
! 


WRITE DATAAO 
TO ADDRESS 


1555 
! 


WRITE DATAAA 
TO ADDRESS 
1555 
! 


WRITE 
DATA 55 
TO ADDRESS 


OAAA 
! 


WRITE 
DATA 20 
TO ADDRESS 
1555 


In the event the user wants 
to deactivate 
the software 


data protection 
feature 
for testing 
or reprogramming 
in 


an E2PROM 
programmer, 
the following 
six step algo- 


rithm will reset the internal 
protection 
circuit. 
After twe, 


the X28HC64 
will be in standard 
operating 
mode. 


Note: 
Once initiated, thesequence of write operations 
should not be interrupted. 


Because the X28HC64 
is frequently 
used in large memory 


arrays, 
it is provided 
with a two line control 
architecture 


for both read and write 
operations. 
Proper 
usage 
can 


provide the lowest possible 
power dissipation 
and elimi- 


nate the possibility 
of contention 
where multiple 
I/O pins 


share the same 
bus. 


To gain the most benefit 
it is recommended 
that CE be 


decoded 
from 
the 
address 
bus and 
be used 
as the 


primary 
device 
selection 
input. Both OE and WE would 


then be common 
among 
all devices 
in the array. 
For a 


read operation, 
this assures 
that all deselected 
devices 


are in their 
standby 
mode 
and that only the selected 


device(s) 
is outputting 
data on the bus. 


Because 
the X28HC64 
has two power modes, standby 


and active, 
proper decoupling 
of the memory 
array is of 


Normalized 
IcdRD) 
by Temperature 


Over Frequency 


1.4 


1.2 


~ 
1.0 
.S- 


o 0 
IT: 
wN 
0.8 
u::; 
.9« 
:::; 
IT: 
0.6 
az 
0.4 


0.2 
0 


5.5 VCC 
- 55°C 


+ 25°C 


+ 125°C 


10 


FREQUENCY 
(MHz) 


prime concern. 
Enabling 
CE will cause transient 
current 


spikes. The magnitude 
of these spikes 
is dependent 
on 


the output capacitive 
loading of the I/Os. Therefore, 
the 


larger the array sharing 
a common 
bus, the larger the 


transient 
spikes. The voltage 
peaks associated 
with the 


current 
transients 
can 
be suppressed 
by the 
proper 


selection 
and placement 
of decoupling 
capacitors. 
As a 


minimum, 
it is recommended 
that 
a O.1~F 
high 
fre- 


quency 
ceramic 
capacitor 
be used 
between 
Vcc 
and 


Vss at each device. 
Depending 
on the size of the array, 


the value of the capacitor 
may have to be larger. 


In addition, 
it is recommended 
that a 4.7~F 
electrolytic 
3 


bulk capacitor 
be placed between 
Vcc and V ss for each 


eight devices employed 
in the array. This bulk capacitor 


is employed 
to overcome 
the voltage 
droop caused 
by 


the inductive 
effects 
of the PC board traces. 


Normalized 
IcdRD) 
@ 25% Over 
the Vcc Range and Frequency 
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ABSOLUTE 
MAXIMUM 
RATINGS* 
Temperature 
under 
Bias 
X28HC64 
-lO°C 
to +8SoC 
X28HC641, 
X28HC64M 
-BSoC to +13SoC 


Storage 
Temperature 
-BSoC to +1S0°C 


Voltage 
on any Pin with 
Respect 
to VSS 
-1V 
to +7V 


D.C. Output 
Current 
SmA 


Lead Temperature 


(Soldering, 
10 seconds) 
300°C 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+8SoC 
• 
Military 
-SSoC 
+12SoC 


*COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 


indicated in the operational 
sections of this specification 
is 


not implied. Exposure to absolute 
maximum 
rating condi- 


tions for extended 
periods may affect device 
reliability. 


Supply 
Voltage 


X28HC64 


Limits 


SV±10% 


3857 
PGM 
T03.1 


Limits 


Symbol 
Parameter 
Min. 
Typ'(1) 
Max. 
Units 
Test 
Conditions 


Ice 
Vee Current 
(Active) 
1S 
40 
mA 
CE = OE = VIL, WE = VIH, All 
(TTL Inputs) 
I/O's = Open, 
Address 
Inputs = 


TTL Levels 
@ f = 10 MHz 


IS61 
Vee Current 
(Standby) 
1 
2 
mA 
CE = VIH, OE = VIL 
(TTL Inputs) 
All I/O's = Open, Other Inputs = VIH 


IS62 
Vec Current 
(Standby) 
100 
200 
~ 
CE = Vce - 0.3V, OE = GND 
(CMOS 
Inputs) 
All I/O's = Open, Other Inputs = 
Vce-0.3V 


III 
Input Leakage 
Current 
±10 
~A 
VIN = Vss to Vcc 


ILa 
Output 
Leakage 
Current 
±10 
~A 
VOUT = Vss to Vce, 
CE = VIH 
VIL(2) 
Input LOW Voltage 
-1 
0.8 
V 


VIH(2) 
Input HIGH Voltage 
2 
Vec + 1 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL= SmA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH =-SmA 


Notes: 
(1) Typical values are for TA = 25°C and nominal supply voltage 
(2) 
VIL min. and VIH max. are for reference only and are not tested. 


Parameter 
Min. 
Max. 
Unit 


Minimum 
Endurance 
100,000 
Cycles/Byte 


Data Retention 
100 
Years 


Symbol 
Parameter 
Typ. (1) 
Units 


tpUR(3) 
Power-up 
to Read Operation 
100 
J.lS 


tpUW(3) 
Power-up 
to Write Operation 
5 
ms -- 
Symbol 
Parameter 
Max. 
Units 
Test Conditions 


CI/O(3j 
Input/Output 
Capacitance 
10 
pF 
VI/O = OV 


CIN(3) 
Input Capacitance 
6 
pF 
VIN=OV 


Input Pulse Levels 
OV to 3V 


Input Rise and 
Fall Times 
5ns 


Input and Output 
Timing 
Levels 
1.5V 


CE 
OE 
WE 
Mode 
VO 
Power 


L 
L 
H 
Read 
DOUT 
Active 


L 
H 
L 
Write 
DIN 
Active 


H 
X 
X 
Standby 
and 
HighZ 
Standby 


Write 
Inhibit 


X 
L 
X 
Write 
Inhibit 
- 
- 


X 
X 
H 
Write 
Inhibit 
- 
- 


JlT 


~ 


XXXX 
H 


1 


30PF 


INPUTS 
OUTPUTS 


Mustbe 
Will be 
steady 
steady 


Maychange 
Will change 


from LOW 
from LOW 


to HIGH 
to HIGH 


Maychange 
Will change 
from HIGH 
from HIGH 
to LOW 
to LOW 


Don'tCare: 
chan~ng: 
Changes 
State 
at 


Allowed 
Known 


NIA 
Center Line 
is High 
Impedance 


A.C. CHARACTERISTICS 
(Over 
the recommended 
operating 
conditions 
unless 
otherwise 
specified.) 


Read Cycle Limits 


X28HC64-55 
X28HC64-70 
X28HC64-90 
X28HC64-12 


-40°C to +85°C -55°C to +125°C -55°C to +125°C -55°C to +125°C 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tRC 
Read 
Cycle 
Time 
55 
70 
90 
120 
ns 


tCE 
Chip 
Enable 
Access 
Time 
55 
70 
90 
120 
ns 


tAA 
Address 
Access 
Time 
55 
70 
90 
120 
ns 


tOE 
Output 
Enable 
Access 
Time 
30 
35 
40 
50 
ns 


tLZ(4) 
CE LOW 
to Active 
Output 
0 
0 
0 
0 
ns 


tOLZ(4) 
OE LOW 
to Active 
Output 
0 
0 
0 
0 
ns 


tHZ(4) 
CE HIGH 
to High 
Z Output 
30 
30 
30 
30 
ns 


tOHZ(4) 
OE 
HIGH 
to High 
Z Output 
30 
30 
30 
30 
ns 


tOH 
Output 
Hold 
from 
0 
0 
0 
0 
ns 


Address 
Change 


Notes: 
(4) tLZ min., tHZ, tOLZ min., and to HZ are periodically sampled and not 100% tested. tHZ max. and tOHZ max. are measured from the 


point when CE or OE return HIGH (whichever occurs first) to the time when the outputs are no longer driven. 


Symbol 
Parameter 
Min. 
Typ'(1) 
Max. 
Units 


twd5) 
Write Cycle Time 
2 
5 
ms 


tAS 
Address 
Setup Time 
0 
ns 


tAH 
Address 
Hold Time 
50 
ns 


tcs 
Write Setup Time 
0 
ns 


tCH 
Write Hold Time 
0 
ns 


tcw 
CE Pulse Width 
50 
ns 


tOES 
OE HIGH Setup Time 
0 
ns 


tOEH 
OE HIGH Hold Time 
0 
ns 


twP 
WE Pulse Width 
50 
ns 


tWPH(6) 
WE HIGH Recovery 
50 
ns 


tDV(6) 
Data Valid 
1 
Ils 


tDS 
Data Setup 
50 
ns 


tDH 
Data Hold 
0 
ns 


tDW(6) 
Delay to Next Write 
10 
Ils 


tSLC 
Byte Load Cycle 
0.15 
100 
Ils 


lXxxxxx»- 


DATAOUT XXXXX'lXlJ 


Notes: 
(5) twe is the minimum cycle time to be allowed from the system perspective unless polling techniques 
are used. It is the maximum 
time the device requires to automatically 
complete the internal write operation. 
(6) !wPH and tow are periodically sampled and not 100% tested. 


• 


,wc~XXXiJXiX)1 


Plll/A 
) 


DATA VALID 


tDS 


HIGHZ 


IIIIV 
YJllJ YJllJ '<l!1lJ YJllJ YJllJ '@r 


IT11'A IT11'A OJjZA IT11'A IT11'A m 


tBLC 


ADDRESS 
,(8) 
~X~ 
J 


1/0 
~ 
X 
_ 


BYTE 0 


Notes: 
(7) 
Between successive 
byte writes within a page write operation, OE can be strobed LOW: e.g. this can be done with CE and WE 


HIGH to fetch data from another memory device within the system for the next write; or with WE HIGH and CE LOW effectively 
performing 
a polling operation. 


(8) The timings shown above are unique to page write operations. Individual byte load operations within the page write must 
conform to either the CE or WE controlled write cycle timing. 


X28HC64 


DATA Polling Timing Diagram(9) 


ADDRESS 
An 
'fll:lj. 
An 
Y:l1flX 
An 
XXXXXXX 


CE 


WE 


'oEH 
toES 


OE 
• 
1/°7 
D1N=X 
DOUT=X 
r 
) 
) 


twc 


3857 
FHD 
FOg 


X28HC64 
_T 


-xL Access 
Time 
-55 = 55ns 
-70 = 70ns 
-90 = 90ns 
-12 = 120ns 


L- 
Temperature 
Range 
Blank = Commercial = O°Cto +70°C 
I = Industrial = -40°C to +85°C 
M = Military = -55°C to +125°C 
MB = MIL-STD-883 


Package 
P = 28-Lead Plastic DIP 
D = 28-Lead Cerdip 
J = 32-Lead PLCC 
S = 28-Lead Plastic SOIC 
E = 32-Pad LCC 
K = 28-Lead Pin Grid Array 
F = 28-Lead Flat Pack 
T = 32-Lead TSOP 


LIMITED WARRANTY 
Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification 
provisions appearing in its Terms of Sale only. Xicor, Inc. makes 


no warranty, 
express, statutory, 
implied, or by description 
regarding the information set forth herein or regarding the freedom of the described 
devices from patent infringement. 
Xicor, Inc. makes no warranty of merchantability 
or fitness tor any purpose. Xicor, Inc. reserves the right to 
discontinue 
production and change specifications 
and prices at any time and without notice. 


Xicor, Inc. assumes no responsibility 
for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product. No other circuits, patents, 


licenses are implied. 


us. PATENTS 
Xicor products are covered by one or more of the following U.S. Patents: 4,263,664; 4,274,012; 4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 


4,404,475; 
4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829,482; 
4,874,967; 


4,883,976. 
Foreign patents and additional patents pending. 


LIFE RELATED 
POLICY 
In situations 
where semiconductor 
component 
failure may endanger life, system designers 
using this product should design the system with 
appropriate 
error detection and correction, 
redundancy and back-up features to prevent such an occurrence. 


Xicor's products are not authorized 
for use as critical components 
in life support devices or systems. 


1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain life, 


and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be reasonably expected 
to result in a significant 
injury to the user. 
2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to cause the failure 
of the life support device or system, or to affect its satety or effectiveness. 


iCDP 
® 


• Access 
Time: 
200ns 
• Simple 
Byte and Page Write 
- 
Single 
5V Supply 
-No 
External 
High Voltages 
or Vpp Control 
Circuits 
- 
Self-Timed 
-No 
Erase 
Before 
Write 
-No 
Complex 
Programming 
Algorithms 
-No 
Overerase 
Problem 


• Low Power 
CMOS: 
-Active: 
60mA 
-Standby: 
2001lA 


• Software 
Data Protection 
- 
Protects 
Data Against 
System 
Level 
Inadvertent 
Writes 


• High Speed 
Page Write Capability 


• Highly 
Reliable 
Direct Write™ Cell 
- 
Endurance: 
100,000 
Write Cycles 


- 
Data Retention: 
100 Years 


• Early End of Write 
Detection 
-DATA 
Polling 
-Toggle 
Bit Polling 


DESCRIPTION 


The X28C256 is an 32K x 8 E2PROM, fabricated with 
Xicor's proprietary, high performance, floating gate 
CMOS technology. Like all Xicor programmable non- 
volatile memories the X28C256 is a 5V only device. The 
X28C256 features the JEDEC approved pinout for byte- 
wide memories,compatible with industrystandard RAMs. 
. 
The X28C256 supports a 64-byte page write operation, 
effectively proViding a 78lls/byte write cycle and en- 
abling the entire memory to be typically written in less 
than 2.5 seconds. The X28C256 also features DATA 
and Toggle Bit 
Polling, a system software support 


scheme used to indicate the early completion of a write 
cycle. Inaddition, the X28C256 includes a user-optional 
software data protection mode that further enhances 
Xicor's hardware write protect capability. 


Xicor E2pROMs are designed and tested for applica- 
tions requiring extended endurance. Inherent data re- 
tention is greater than 100 years. 


PLASTIC 
DIP 
LCC 
CERDIP 
PLCC 
FLAT PACK 


~ ~;- 
~ >8[~ '" 
SOIC 
•• 


A1. 
vcc 
A2 


A12 
WE 
A1 
AO 


A7 
A13 
AS 
AS 
VOo 


As 
AS 
As 
Ag 
V01 
V02 


AS 
Ag 
A. 
An 
NC 


A. 
An 


A3 
NC 
Vss 


NC 


A3 
DE 
A2 
DE 
1103 


A2 
A10 
A1 
A10 
11O. 


CE 
1/05 


A1 
CE 
AO 
1/06 


Ao 
1/°7 
NC 
1/°7 
V07 
CE 


1/00 
1/°6 
1/°0 
I/Os 
A10 


1/°1 
1/°5 


1/°2 
1/0. 
•....• C\I en 0 
'" " '" 


Vss 
1/°3 


~ 
~ 
>00 z ~ ~ ~ 


3855 
FHD 
F03 


3855 
FHD 
F02 


PIN DESCRIPTIONS 


Addresses (Ao-A14) 


The 
Address 
inputs 
select 
an 8-bit 
memory 
location 


during 
a read or write operation. 


Chip Enable (CE) 


The Chip Enable 
input must be LOW to enable all readl 


write operations. 
When CE is HIGH, power consumption 


is reduced. 


Output Enable (OE) 


The Output Enable input controls 
the data output buffers 


and is used to initiate 
read operations. 


Data InlData 
Out (1/00-1/07) 


Data is written to or read from the X28C256 
through the 


1/0 pins. 


Write Enable (WE) 


The Write Enable input controls 
the writing of data to the 


X28C256. 


X BUFFERS 
LATCHES AND 
DECODER 


AO-A14 
ADDRESS 
INPUTS 


Y BUFFERS 


LATCHES AND 
DECODER 


CONTROL 
LOGIC AND 
TIMING 


VCC 0-- 


VSS 
0-- 


Symbol 
Description 


Ao-A14 
Address 
Inputs 
1/00-1/07 
Data Input/Output 


WE 
Write 
Enable 


CE 
Chip Enable 


OE 
Output 
Enable 


Vcc 
+5V 


Vss 
Ground 


NC 
No Connect 


~ 
A7 
A14 
WE 
A13 
\::.J 
0 
CD @ 
® 
3855FHDF04 


BQTTOMVIEW 


256K-BIT 
E2PROM 
ARRAY 


1/00-1/07 


DATAINPUTS/OUTPUTS 


DEVICE OPERATION 


Read 


Read operations 
are initiated 
by both OE and CE LOW. 


The 
read operation 
is terminated 
by either 
CE or OE 


returning 
HIGH. This two line control 
architecture 
elimi- 


nates bus contention 
in a system environment. 
The data 


bus will be in a high impedance 
state when either OE or 


CE is HIGH. 


Write 


Write operations 
are initiated 
when both CE and WE are 


LOW and OE is HIGH. The X28C256 
supports 
both a CE 


and WE controlled 
write cycle. 
That 
is, the address 
is 


latched by the falling edge of either CE orWE, whichever 
occurs last. Similarly, 
the data is latched internally 
by the 


rising edge of either CE or WE, whichever 
occurs first. 


A byte write operation, 
once initiated, 
will automatically 


continue 
to completion, 
typically 
within 
5ms. 


Page Write Operation 


The page write feature 
of the X28C256 
allows the entire 


memory 
to be written 
in 2.5 seconds. 
Page write allows 


two to sixty-four 
bytes of data to be consecutively 
written 


to the 
X28C256 
prior 
to the 
commencement 
of the 


internal 
programming 
cycle. 
The 
host can fetch 
data 


from 
another 
device 
within 
the system 
during 
a page 


write 
operation 
(change 
the source 
address), 
but the 


page 
address 
(A6 through 
A14) 
for each 
subsequent 


valid write cycle to the part during this operation 
must be 


the same as the initial page address. 


The page write 
mode can be initiated 
during any write 


operation. 
Following 
the initial byte write cycle, the host 


can write 
an additional 
one to sixty-three 
bytes 
in the 


same manner as the first byte was written. Each succes- 
sive byte load cycle, 
started 
by the WE HIGH to LOW 


transition, 
must begin within 1DOllS of the falling edge of 


the preceding 
WE. 
If a subsequent 
WE HIGH to LOW 


transition 
is not 
detected 
within 
1DOllS, the 
internal 


automatic 
programming 
cycle will commence. 
There is 


no page 
write 
window 
limitation. 
Effectively 
the page 


write 
window 
is infinitely 
wide, 
so long 
as the 
host 


continues 
to access the device within the byte load cycle 


time of 1DOllS. 


Write Operation Status Bits 


The 
X28C256 
provides 
the 
user 
two 
write 
operation 


status 
bits. These 
can be used to optimize 
a system 


write cycle time. 
The status 
bits 
are mapped 
onto the 


I/O bus as shown 
in Figure 
1. 


RESERVED 
3 


~----TOGGLE 
BIT 
------DATA 
POLLING 


DATA Polling (1/07) 


The X28C256 
features 
DATA 
Polling 
as a method 
to 


indicate 
to the host system 
that the byte write or page 


write cycle has completed. 
DATA Polling allows a simple 


bit test operation 
to determine 
the status of the X28C256, 


eliminating 
additional 
interrupt 
inputs or external 
hard- 


ware. 
During 
the internal 
programming 
cycle, 
any at- 


tempt 
to 
read 
the 
last 
byte 
written 
will 
produce 
the 


complement 
of that data on 1/07 (i.e. write data = Oxxx 
xxxx, 
read data = 1xxx xxxx). 
Once 
the programming 


cycle is complete, 
1/07 will reflect true data. Note: If the 


X28C256 
is in the protected 
state 
and an illegal 
write 


operation 
is attempted 
DATA Polling 
will not operate. 


Toggle Bit (1/06) 


The X28C256 
also provides 
another 
method 
for deter- 
mining when the internal write cycle is complete. 
During 


the 
internal 
programming 
cycle 
1/06 will toggle 
from 


HIGH 
to 
LOW 
and 
LOW 
to 
HIGH 
on 
subsequent 


attempts 
to read the device. 
When the internal 
cycle is 


complete 
the toggling 
will cease 
and the device 
will be 


accessible 
for additional 
read or write operations. 


DATA POLLING V07 
Figure 2. DATA Polling Bus Sequence 


LAST 


WE~ 


VOH 


X28C256 
READY 


DATA Polling can effectively 
halve the time for writing to 


the X28C256. 
The timing diagram 
in Figure 2 illustrates 


the sequence 
of events 
on the bus. The software 
flow 


diagram 
in Figure 3 illustrates 
one method of implement- 


ing the routine. 


THE TOGGLE BIT 1/06 
Figure 4. Toggle Bit Bus Sequence 


LAST 


WE 
~ 


The Toggle Bit can eliminate 
the software 
housekeeping 


chore of saving 
and fetching 
the last address 
and data 


written to a device 
in order to implement 
DATA Polling. 


This can be especially 
helpful 
in an array comprised 
of 


multiple 
X28C256 
memories 
that is frequently 
updated. 


The timing diagram 
in Figure 4 illustrates 
the sequence 
of events 
on the 
bus. 
The 
software 
flow 
diagram 
in 


Figure 5 illustrates 
a method 
for polling 
the Toggle 
Bit. 


COMPARE 


ACCUMWITH 


ADDR n 


• 


X28C256 


HARDWARE 
DATA 
PROTECTION 


The X28C256 provides three hardware features (com- 
patible with X28C64) that protect nonvolatile data from 
inadvertent writes. 


• Noise Protection-A 
WE pulse typically less than 


20ns will not initiate a write cycle. 
• Default Vcc Sense-All 
write functions are inhibited 


when Vcc is ::;3.5Vtypically. _ 
_ 


• Write Inhibit-Holding 
either OE LOW, WE HIGH, 
or CE HIGH will prevent an inadvertent write cycle 
during power-up and power-down, maintaining data 
integrity. 


SOFTWARE 
DATA 
PROTECTION 


The X28C256 offers a software controlled data protec- 
tion feature. The X28C256 isshipped from Xicorwith the 
software data protection NOT ENABLED; that is, the 
device will be in the standard operating mode. In this 
mode data should be protected during power-up/-down 
operations through the use of external circuits. The host 
would then have open read and write access of the 
device once Vcc was stable. 


The X28C256 can be automatically protected during 
power-up and power-down without the need for external 
circuits by employing the software data protection fea- 
ture. The internal software data protection circuit is 
enabled after the first write operation utilizing the soft- 
ware algorithm. This circuit is nonvolatile and will remain 
set for the life of the device unless the reset command 
is issued. 


Once the software protection is enabled, the X28C256 
is also protected from inadvertent and accidental writes 
in the powered-up state. That is, the software algorithm 
must be issued prior to writing additional data to the 
device. 


Software Algorithm 


Selecting the software data protection mode requires 
the host system to precede data write operations by a 
series of three write operations to three specific ad- 
dresses. Refer to Figure 6 and 7 for the sequence. The 
three-byte sequence opens the page write window 
enabling the host to write from one to sixty-four bytes of 
data.* Once the page load cycle has been completed, 
the device will automatically be returned to the data 
protected state. 


'Note: Once the three-byte sequence is issued it 


must be followed by a valid byte or page write 
operation. 


SOFTWARE DATA PROTECTION 
Figure 6. Timing Sequence-Byte 
or Page Write 


BYTE 
OR 
PAGE 


Figure 7. Write Sequence for 
Software Data Protection 


WRITE DATAAA 
TO ADDRESS 
5555 


Regardless 
of whether 
the device 
has previously 
been 
protected 
or not, 
once 
the 
software 
data 
protection 
algorithm is used and data has been written, the X28C256 
will automatically 
disable 
further 
writes 
unless 
another 
command 
is issued to cancel 
it. If no further 
commands 


are issued the X28C256 
will be write 
protected 
during 
power-down 
and after any subsequent 
power-up. 


Note: 
Once initiated, the sequence of write operations 
should not be interrupted. 


WRITE 
DATA 55 
TO ADDRESS 


2AAA 


WRITE DATAAO 
TO ADDRESS 


5555 


WRITE DATA XX 


TO ANY 


ADDRESS 


• 
WRITE 
LAST 
BYTE TO 
LAST ADDRESS 


~ 


AFTERtwc 
RE-ENTERS 
DATA 
PROTECTED 
STATE 


-- 


RESETTING 
SOFTWARE 
DATA 
PROTECTION 


Figure 
8. Reset Software 
Data Protection 
Timing 
Sequence 


Vee -{C 
JJ 
C:=r 
) 


STANDARD 


?-twe 
OPERATING 
MODE 
( 
J 


Figure 
9. 
Software 
Sequence 
to 


Deactivate 
Software 
Data Protection 


WRITE DATAAA 


TO ADDRESS 
5555 


1 


WRITE 
DATA 55 


TO ADDRESS 
2AAA 


1 


WRITE DATA 80 
TO ADDRESS 
5555 


1 


WRITE DATA AA 


TO ADDRESS 
5555 
l 


WRITE 
DATA 55 


TO ADDRESS 
2AAA 


1 


WRITE 
DATA 20 
TO ADDRESS 
5555 


In the event the user wants 
to deactivate 
the software 


data protection 
feature 
for testing 
or reprogramming 
in 


an E2PROM 
programmer, 
the following 
six step algo- 


rithm will reset the internal 
protection 
circuit. 
After twe. 


the X28C256 
will be in standard 
operating 
mode. 


Note: 
Once initiated, the sequence of write operations 
should not be interrupted. 


Because the X28C256 
isfrequently 
used in large memory 
arrays 
it is provided 
with a two line control 
architecture 
for both read and write 
operations. 
Proper 
usage 
can 
provide the lowest possible 
power dissipation 
and elimi- 
nate the possibility 
of contention 
where multiple 
I/O pins 
share the same 
bus. 


To gain the most benefit 
it is recommended 
that CE be 
decoded 
from 
the 
address 
bus 
and 
be used 
as the 
primary 
device 
selection 
input. Both DE and WE would 
then be common 
among 
all devices 
in the array. 
For a 
read operation 
this assures 
that all deselected 
devices 
are in their 
standby 
mode 
and that only the selected 
device(s) 
is outputting 
data on the bus. 


Because 
the X28C256 
has two power 
modes, 
standby 
and active, 
proper decoupling 
of the memory 
array is of 


Normalized Active Supply Current 
V5. Ambient Temperature 
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2 
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AMBIENT TEMPERATURE 
(0C) 


prime concern. 
Enabling 
CE will cause transient 
current 
spikes. The magnitude 
of these spikes 
is dependent 
on 
the output capacitive 
loading 
of the I/Os. Therefore, 
the 
larger the array sharing 
a common 
bus, the larger the 
transient 
spikes. The voltage 
peaks associated 
with the 
current 
transients 
can 
be suppressed 
by the 
proper 
selection 
and placement 
of decoupling 
capacitors. 
As a 
minimum, 
it is recommended 
that 
a O.1~F 
high 
fre- 
quency 
ceramic 
capacitor 
be used 
between 
Vcc 
and 
Vss at each device. 
Depending 
on the size of the array, 


the value of the capacitor 
may have to be larger. 


In addition, 
it is recommended 
that a 4.7~F 
electrolytic 
__ 
bulk capacitor 
be placed between 
Vcc and V ss for each 
eight devices 
employed 
in the array. This bulk capacitor 
is employed 
to overcome 
the voltage 
droop 
caused 
by 
the inductive 
effects 
of the PC board traces. 


Normalized Standby Supply Current 
V5. Ambient Temperature 
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ABSOLUTE 
MAXIMUM 
RATINGS· 
Temperature 
under 
Bias 
X28C256 
-10°C 
to +85°C 
X28C2561, 
X28C256M 
-65°C 
to +135°C 


Storage 
Temperature 
-65°C 
to +150°C 


Voltage 
on any Pin with 
Respect 
to VSS 
-1 V to +7V 
D.C. Output 
Current 
5mA 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


·COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 


indicated in the operational 
sections of this specification 
is 


not implied. Exposure to absolute 
maximum 
rating condi- 


tions for extended 
periods 
may affect device 
reliability. 


Supply 
Voltage 


X28C256 


Limits 


5V ±10% 


3855 
PGM 
T03.1 


Limits 


Symbol 
Parameter 
Min. 
Typ.(1) 
Max. 
Units 
Test Conditions 


Icc 
Vcc 
Current 
(Active) 
60 
mA 
CE = OE = VIL, WE = VIH, 


(TTL Inputs) 
All 110's = Open, 
Address 
Inputs = .4V/2.4V 
@ f = 5MHz 


IS81 
Vcc 
Current 
(Standby) 
2 
mA 
CE = VIH, OE = VIL 


(TTL Inputs) 
All 110's = Open, Other Inputs = V1H 
IS82(2) 
Vcc Current 
(Standby) 
200 
500 
J.l.A 
CE = Vcc - 0.3V, OE = VIL 


(CMOS 
Inputs) 
All I/O's = Open, 
Other Inputs = Vcc - 0.3V 


III 
Input Leakage 
Current 
10 
J.l.A 
VIN = Vss to Vcc 


ILO 
Output 
Leakage 
Current 
10 
J.l.A 
VOUT = Vss to Vcc, 
CE = VIH 


VIL(3) 
Input LOW Voltage 
-1 
0.8 
V 


V1H(3) 
Input HIGH Voltage 
2 
Vcc + 1 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL = 2.1mA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH = -400J.l.A 


Notes: 
(1) Typical values are for TA = 25°C and nominal supply voltage and are not tested 
(2) IS62 max. of 20011Aavailable from Xicor. Contact local sales office and reference X28C256 C7125. 
(3) V1L min. and V1H max. are for reference only and are not tested. 


Parameter 
Min. 
Units 


Endurance 
100,000 
Cycles 


Data Retention 
100 
Years 


Symbol 
Parameter 
Max. 
Units 


tpUR(4) 
Power-up 
to Read Operation 
100 
Ils 


tpUW(4) 
Power-up 
to Write Operation 
5 
ms 


Symbol 
Parameter 
Max. 
Units 
Test Conditions 


Clld4) 
InpuUOutput 
Capacitance 
10 
pF 
VI/O = OV 
CIN(4) 
Input Capacitance 
6 
pF 
VIN = OV 


Input Pulse Levels 
OV to 3V 


Input Rise and 
Fall Times 
10ns 


Input and Output 
Timing 
Levels 
1.5V 


CE 
OE 
WE 
Mode 
1/0 
Power 


L 
L 
H 
Read 
DOUT 
Active 


L 
H 
L 
Write 
DIN 
Active 


H 
X 
X 
Standby 
and 
High Z 
Standby 
Write 
Inhibit 
X 
L 
X 
Write 
Inhibit 
- 
- 
X 
X 
H 
Write 
Inhibit 
- 
- 


5V 
WAVEFORM 
INPUTS 
OUTPUTS 


1.92KQ 
Mustbe 
Will be 


steady 
steady 


OUTPUT 
JZr 


Maychange 
Will change 


from LOW 
from LOW 
1.37KQ 
1100PF 
to HIGH 
to HIGH 


~ 


Maychange 
Will change 


from HIGH 
from HIGH 
to LOW 
to LOW 


XXXX 


Don'tCare: 
Changing: 


Changes 
State Not 
Allowed 
Known 


3855 
FHD 
F22.3 
NIA 
Center Line 
Fft-I!£ 
is High 
Impedance 


• 


A.C. CHARACTERISTICS (over recommended 
operating 
conditions, 
unless otherwise 
specified) 


Read Cycle Limits 


X28C256-20 
X28C256-25 
X28C256 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tRC 
Read Cycle Time 
200 
250 
300 
ns 


tCE 
Chip Enable 
Access 
Time 
200 
250 
300 
ns 


tAA 
Address 
Access 
Time 
200 
250 
300 
ns 


tOE 
Output 
Enable 
Access 
Time 
80 
100 
100 
ns 


tLZ(5) 
CE LOW to Active 
Output 
0 
0 
0 
ns 


tOLZ(5) 
OE LOW to Active 
Output 
0 
0 
0 
ns 


tHZ(5) 
CE HIGH to High Z Output 
50 
50 
50 
ns 


tOHZ(5) 
OE HIGH to High Z Output 
50 
50 
50 
ns 


tOH 
Output 
Hold from 
0 
0 
0 
ns 


Address 
Change 


Note: 
(5) tLZ min., tHZ, 'oLZ min., and tOHZare peridocally sampled and not 100% tested. 
tHZand tOHZare measured, with CL = 5pF, from 


the point when CE or OE return HIGH (whichever occurs first) to the time when the outputs are no longer driven. 


Symbol 
Parameter 
Min.(9) 
Typ,(6) 
Max. 
Units 


twc(7) 
Write 
Cycle 
Time 
5 
10 
ms 


tAS 
Address 
Setup 
Time 
0 
ns 


tAH 
Address 
Hold 
Time 
150 
ns 


tcs 
Write 
Setup 
Time 
0 
ns 


tCH 
Write 
Hold 
Time 
0 
ns 


tcw 
CE 
Pulse 
Width 
100 
ns 


tOES 
OE 
HIGH 
Setup 
Time 
10 
ns 


tOEH 
OE 
HIGH 
Hold 
Time 
10 
ns 


twP 
WE 
Pulse 
Width 
100 
ns 


tWPH 
WE 
HIGH 
Recovery 
50 
ns 


tWPH2(8) 
SDP 
WE 
Recovery 
1 
Ils 


tDV 
Data 
Valid 
1 
Ils 


tDS 
Data 
Setup 
50 
ns 


tDH 
Data 
Hold 
10 
ns 


tDW 
Delay 
to Next 
Write 
10 
IlS 


tSLC(9) 
Byte 
Load 
Cycle 
1 
100 
Ils • 


DATAVALID 


tDS 


DATAOUT 
XXXXXXXX)>---------H-IGH-Z---------- 


Notes: 
(6) Typical values are for TA = 25°C and nominal supply voltage. 
(?) twc is the minimum cycle time to be allowed from the system perspective unless polling techniques are used. It is the maximum 


time the device requires to automatically complete the internal write operation. 
(8) tWPHis the normal page write operation WE recovery time. tWPH2is the WE recovery time needed only after the end of issuing 
the three-byte SDP command sequence and before writing the first byte of data to the array. Refer to Figure 6 which illustrates 
the tWPH2requirement. 


(9) For faster twc and tSLC.refer to X28HC256 or X28VC256. 


t\\\V 
- 
llllZA 


tDS 


HIGHZ 


IIIIV 
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BYTE 0 


Notes: 
(10) Between successive 
byte writes within a page write operation, OE can be strobed LOW: e.g. this can be done with CE and WE 


HIGH to fetch data from another memory device within the system for the next write; or with WE HIGH and CE LOW effectively 
performing 
a polling operation. 


(11) The timings shown above are unique to page write operations. 
Individual byte load operations within the page write must 
conform to either the CE or WE controlled write cycle timing. 
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X28C256=r 


-xLAccess Time 
-20 = 200ns 
-25 
= 250ns 
Blank = 300ns 
-35 = 350ns 


L- 
Temperature 
Range 


Blank = Commercial 
= O°C to +70°C 
I = Industrial 
= -40°C 
to +85°C 


M = Military 
= -55°C 
to +125°C 
MB = MIL-STD-883 


Package 
P = 28-Lead 
Plastic 
DIP 
D = 28-Lead 
Cerdip 
J = 32-Lead 
PLCC 
E = 32-Pad 
LCC 
F = 28-Lead 
Flat Pack 
K = 28-Lead 
Pin Grid Array 
S = 28-Lead 
Plastic 
SOIC 
T = 32-Lead 
TSOP 


LIMITED WARRANTY 


Devices 
sold by Xicor, 
Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms of Sale only. Xicor, Inc. makes no warranty, 


express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent 
infringement. 


Xicor, Inc. makes no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 
prices at any time and without 
notice. 


Xicor, Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents. 
licenses 
are 


implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4,263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 
4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 967; 4,883, 
976. Foreign 
patents 
and 
additionai 
patents 
pending. 


LIFE RELATED 
POLICY 
In situations 
where semiconductor 
component 
failure may endanger 
life, system designers 
using this product should design the system 
with appropriate 
error 
detection 
and correction, 
redundancy 
and back-up 
features 
to prevent such an occurence. 


Xicor's products 
are not authorized 
for use in critical components 
in life support 
devices or systems. 
1. Life support 
devices 
or systems 
are devices 
or systems 
which, (aJ are intended 
for surgical 
implant 
into the body, or (b) support 
or sustain 
life, and whose 
failure to perfonn, 
when proper1y used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 
injury to the user. 


2. A critical 
component 
is any component 
of a life support 
device or system whose failure to perfonn 
can be reasonably 
expected 
to cause the failure 
of the life 
support 
device 
or system, 
or to affect its safety or effectiveness. 


iCOP 
® 


• Access Time: 70ns 
• Simple Byte and Page Write 
-Single 
SV Supply 
-No 
External High Voltages or Vpp Control 
Circuits 
-Self-Timed 
-No 
Erase Before Write 
-No 
Complex Programming Algorithms 


-No 
Overerase Problem 


• Low Power CMOS: 
-Active: 
60mA 
-Standby: 
SOOJlA 
• Software Data Protection 
-Protects 
Data Against System Level 
Inadvertent Writes 
• High Speed Page Write Capability 
• Highly Reliable Direct Write™ Cell 
-Endurance: 
100,000 Write Cycles 
-Data 
Retention: 100 Years 
• Early End of Write Detection 
-DATA 
Polling 
-Toggle 
Bit Polling 


The X28HC256 is a second generation high perfor- 
mance CMOS 32K x 8 E2PROM. It is fabricated with 
Xicor's proprietary, textured poly floating gate tech- 
nology, providing a highly reliable 5 Volt only nonvolatile 
memory. 


The X28HC256 supports a 128-byte page write opera- 
tion, effectively providing a 2411s/bytewrite cycle and 
• 
enabling the entire memory to be typically rewritten in 
less than 0.8 seconds. The X28HC256 also features 
DATA Polling and Toggle Bit Polling, two methods of 
providing early end of write detection. The X28HC256 
also supports the JEDEC standard Software Data Pro- 
tection feature for protecting against inadvertent writes 
during power-up and power-down. 


Endurance forthe X28HC256 isspecified as a minimum 
10,000 write cycles per byte and an inherent data 
retention of 100 years. 


PLASTIC DIP 
CERDIP 
FLAT PACK 
SOIC 


A14 
vcc 


A12 
WE 


A7 
A13 
A6 
AS 


AS 
Ag 


~ 
~1 


A3 
DE 


A2 
AlO 
A1 
CE 


~ 
1~7 


1100 
1106 


1/01 
1/05 


1/02 
1104 
Vss 
1/03 
•... 
NcnO 
C")vlfl 
~~>U)z~~~ 
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PIN DESCRIPTIONS 


Addresses (Ao-A14) 


The 
Address 
inputs 
select 
an 8-bit 
memory 
location 
during 
a read or write operation. 


Chip Enable (CE) 


The Chip Enable input must be LOW to enable all readl 
write operations. 
When CE is HIGH, power consumption 
is reduced. 


Output Enable (OE) 


The Output 
Enable input controls 
the data output buffers 


and is used to initiate 
read operations. 


Data In/Data Out (VOo-I/07) 


Data is written 
to or read from the X28HC256 
through 
the 1/0 pins. 


Write Enable (WE) 


The Write Enable input controls 
the writing of data to the 


X28HC256. 


X BUFFERS 
LATCHES AND 
DECODER 


AO-A14 
ADDRESS 
INPUTS 


Y BUFFERS 
LATCHES AND 
DECODER 


CONTROL 
LOGIC AND 
TIMING 


VCC 
0-- 


VSS 
0-- 


Symbol 
Description 


Ao-A14 
Address 
Inputs 
1/00-1/07 
Data Input/Output 


WE 
Write 
Enable 


CE 
Chip Enable 


OE 
Output 
Enable 


Vcc 
+5V 


Vss 
Ground 


NC 
No Connect 


110, 
!'02 
1103 
1105 
1106 
@@@@@ 


1100 
e-o 
Vss 
1104 
1107 
@@@@@ 


A1 
~ 
CE 
A10 
® 0 
@ 
@ 


A 
A 
5E 
A 
(})304 
@ 
@" 


055 0'2 @cc @Ag @6 


(])"o 07 014 @ @1O 


256K-BIT 
E2PROM 
ARRAY 


'--y------' 


1/00-1/07 


DATAINPUTS/OUTPUTS 


DEVICE OPERATION 


Read 


Read operations are initiated by both DE and CE LOW. 
The read operation is terminated by either CE or DE 
returning HIGH. This two line control architecture elimi- 
nates bus contention in a system environment. The data 
bus will be in a high impedance state when either DE or 
CE is HIGH. 


Write 


Write operations are initiated when both CE and WE are 
LOW and DE is HIGH. The X28HC256 supports both a 
CE and WE controlled write cycle. That is, the address 
is latched by the falling edge of either CE or WE, 
whichever occurs last. Similarly, the data is latched 
internally by the rising edge of either CE 
or WE, 
whichever occurs first. A byte write operation, once 
initiated, will automatically continue to completion, typi- 
cally within 3ms. 


Page Write Operation 


The page write feature of the X28HC256 allows the 
entire memory to be written in typically 0.8 seconds. 
Page write allows up to one hundred twenty-eight bytes 
of data to be consecutively written to the X28HC256 
prior to the commencement of the internal programming 
cycle. The host can fetch data from another device 
within the system during a page write operation (change 
the source address), but the page address (A7through 
A14) for each subsequent valid write cycle to the part 
during this operation must be the same as the initial 
page address. 


The page write mode can be initiated during any write 
operation. Following the initial byte write cycle, the host 
can write an additional one to one hundred twenty- 
seven bytes in the same manner as the first byte was 
written. Each successive byte load cycle, started by the 
WE HIGH to LOW transition, must begin within 1OOJ.l.S 
of 
the falling edge of the preceding WE. If a subsequent 
WE HIGH to LOW transition is not detected within 
100J.l.s,the internal automatic programming cycle will 
commence. There is no page write window limitation. 
Effectively the page write window is infinitely wide, so 
long as the host continues to access the device within 
the byte load cycle tirne of 100J.l.s. 


Write Operation Status Bits 


The X28HC256 provides the user two write operation 
status bits.These can be used to optimize a system write 
cycletime.The status bits are mapped onto the 110 bus as 
shown in Figure 1. 


Figure 1. Status Bit Assignment 


-- 


y 


RESERVED 


---- 
TOGGLE BIT 


------ 
DATA POLLING 


DATA Polling (1107) 


The X28HC256 features DATA Polling as a method to 
indicate to the host system that the byte write or page 
write cycle hascompleted. DATA Polling allows a simple 
bit test operation 
to determine 
the status 
of the 


X28HC256, eliminating additional interrupt inputs or 
external hardware. During the internal programming 
cycle, any attempt to read the last byte written will 
produce the complement of that data on 1/07 (Le., write 
data = Oxxx xxxx, read data = 1xxx xxxx). Once the 
programming cycle is complete, 
1/07 will reflect true 


data. 


Toggle Bit (1106) 


The X28HC256 also provides another method for deter- 
mining when the internal write cycle is complete. During 
the internal programming cycle 1/06 will toggle from 
HIGH to LOW and LOW to HIGH on subsequent 
attempts to read the device. When the internal cycle is 
complete the toggling will cease and the device will be 
accessible for additional read and write operations. 


DATA POLLING 1/07 


Figure 2. DATA Polling Bus Sequence 


LAST 


WE 
~ 


VOH 


X28HC256 
READY 


DATA Polling can effectively halve the time for writing to 
the X28HC256. The timing diagram in Figure 2 illus- 
trates the sequence of events on the bus. The software 
flow diagram in Figure 3 illustrates one method of 
implementing the routine. 


THE TOGGLE BIT 1/06 


Figure 4. Toggle Bit Bus Sequence 


LAST 


WE~ 
• 


The Toggle Bitcan eliminate the software housekeeping 
chore of saving and fetching the last address and data 
written to a device in order to implement DATA Polling. 
This can be especially helpful in an array comprised of 
multiple X28HC256 memories that is frequently up- 
dated. The timing diagram in Figure 4 illustrates the 
sequence of events on the bus. The software flow 
diagram in Figure 5 illustrates a method for polling the 
Toggle Bit. 


COMPARE 
ACCUMWITH 
AD DR n 


X28HC256 


HARDWARE DATA PROTECTION 


The X28HC256 provides two hardware features that 
protect nonvolatile data from inadvertent writes. 


• Default Vcc Sense-All 
write functions are inhibited 


when Vcc is::; 3.5V Typically. 


·Write Inhibit-Holding 
either OE LOW, WE HIGH, or 


CE HIGH will prevent an inadvertent write cycle during 
power-up and power-down, maintaining data integrity. 


SOFTWARE DATA PROTECTION 


The X28HC256 offers a software controlled data protec- 
tion feature. The X28HC256 is shipped from Xicor with 
the software data protection NOT ENABLED; that is,the 
device will be in the standard operating mode. In this 
mode data should be protected during power-up/down 
operations through the use of external circuits. The host 
would then have open read and write access of the 
device once Vcc was stable. 


The X28HC256 can be automatically protected during 
power-up and power-down without the need for external 


circuits by employing the software data protection fea- 
ture. The internal software data protection circuit is 
enabled after the first write operation utilizing the soft- 
ware algorithm. This circuit is nonvolatile and will remain 
set for the life of the device unless the reset command 
is issued. 


Once the software protection is enabled, the X28HC256 
is also protected from inadvertent and accidental writes 
in the powered-up state. That is, the software algorithm 
must be issued prior to writing additional data to the 
device. 


SOFTWARE ALGORITHM 


Selecting the software data protection mode requires 
the host system to precede data write operations by a 
series of three write operations to three specific ad- 
dresses. Refer to Figure 6 and 7 for the sequence. The 
three-byte sequence opens the page write window 
enabling the host to write from one to one hundred 
twenty-eight bytes of data. Once the page load cycle has 
been completed, the device will automatically be re- 
turned to the data protected state. 


Vcc 
rf 
dv 
.--/ 
J) 


DATA 
AA 
ADDRESS 
5555 


Figure 7. Write Sequence for 
Software Data Protection 


WRITE DATAAA 
TO ADDRESS 
5555 
! 


WRITE 
DATA 55 
TO ADDRESS 
2AAA 
l 


WRITE DATA AD 


TO ADDRESS 
5555 
! 


WRITE DATA XX 
TO ANY 


ADDRESS 
! 


WRITE 
LAST 
BYTE TO 
LAST ADDRESS 
l 


AFTER !.wc 
RE-ENTERS 
DATA 
PROTECTED 
STATE 


OPTIONAL 
BYTE OR 
PAGE WRITE 
ALLOWED 


BYTE 
OR 
PAGE 


Regardless of whether the device has previously been 
protected or not, once the software data protection 
algorithm 
is used and data has been written, the 


X28HC256 will automatically disable further writes un- 
less another command is issued to cancel it. If no further 
commands are issued the X28HC256 will be write 
protected during power-down and after any subsequent 
power-up. 


Note: Once initiated, the sequence of write operations 


should not be interrupted. 
• 


Vcc -{f 
J) 
:=t 


) 


'WC 
STANDARD 
OPERATING 
MODE 


Figure 
9. 
Write 
Sequence 
for resetting 


Software 
Data Protection 


WRITE DATAAA 


TO ADDRESS 
5555 


~ 


WRITE 
DATA 55 
TO ADDRESS 
2AAA 


~ 


WRITE DATA 80 
TO ADDRESS 
5555 


~ 


WRITE DATAAA 


TO ADDRESS 
5555 


~ 


WRITE 
DATA 55 
TO ADDRESS 
2AAA 


~ 


WRITE 
DATA 20 


TO ADDRESS 
5555 


~ 


AFTER'WC' 
RE-ENTERS 
UNPROTECTED 


STATE 


In the event the user wants 
to deactivate 
the software 


data protection 
feature 
for testing 
or reprogramming 
in 
an E2PROM 
programmer, 
the following 
six step algo- 


rithm will reset the internal 
protection 
circuit. 
After twc, 


the X28HC256 
will be in standard 
operating 
mode. 


Note: Once initiated, the sequence of write operations 
should not be interrupted. 


SYSTEM CONSIDERATIONS 


Because the X28HC256 is frequently used in large 
memory arrays it is provided with a two line control 
architecture for both read and write operations. Proper 
usage can provide the lowest possible power dissipation 
and eliminate the possibility of contention where mul- 
tiple I/O pins share the same bus. 


To gain the most benefit it is recommended that CE be 
decoded from the address bus and be used as the 
primary device selection input. Both OE and WE would 
then be common among all devices in the array. For a 
read operation this assures that all deselected devices 
are in their standby mode and that only the selected 
device(s) is outputting data on the bus. 


Because the X28HC256 has two power modes, standby 
and active, proper decoupling of the memory array is of 


prime concern. Enabling CE will cause transient current 
spikes. The magnitude of these spikes is dependent on 
the output capacitive loading of the I/Os. Therefore, the 
larger the array sharing a common bus, the larger the 
transient spikes. The voltage peaks associated with the 
current transients can be suppressed by the proper 
selection and placement of decoupling capacitors. As a 
minimum, it is recommended that a O.111Fhigh fre- 
quency ceramic capacitor be used between Vcc.and 
Vss at each device. Depending on the size of the array, 
the value of the capacitor may have to be larger. 


In addition, it is recommended that a 4.711Felectrolytic 
__ 


bulk capacitor be placed between Vcc and V88for each 
eight devices employed in the array. This bulk capacitor 
is employed to overcome the voltage droop caused by 
the inductive effects of the PC board traces. 


ABSOLUTE 
MAXIMUM 
RATINGS· 


Temperature 
under 
Bias 
X28HC256 
-10°C 
to +85°C 
X28HC2561, 
X28HC256M 
-65°C 
to +135°C 


Storage 
Temperature 
-65°C 
to +150°C 


Voltage 
on any Pin with 
Respect 
to VSS 
-1V 
to +7V 


D.C. Output 
Current 
1OmA 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
--40°C 
+85°C 


Military 
-55°C 
+125°C 


·COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 


indicated in the operational 
sections of this specification 
is 


not implied. Exposure to absolute 
maximum 
rating condi- 


tions for extended 
periods 
may affect device 
reliability. 


Supply 
Voltage 


X28HC256 


Limits 


5V±10% 


Limits 


Symbol 
Parameter 
Min. 
Typ.l7l 
Max. 
Units 
Test 
Conditions 


Ice 
Vee Active Current 
30 
80 
mA 
CE = OE = VIL, WE = VIH, 


(TTL Inputs) 
All I/O's = Open, Address 
Inputs = 


.4V/2.4V 
Levels 
@ f = 10MHz 


IS81 
Vcc 
Standby 
Current 
1 
2 
mA 
CE = VIH, OE = VIL, All I/O's = 


(TTL Inputs) 
Open, Other 
Inputs = VIH 


IS82 
Vcc 
Standby 
Current 
200 
500 
~A 
CE = Vee - 0.3V, OE = GND, 


(CMOS 
Inputs) 
All I/Os = Open, 
Other 
Inputs = Vce - 0.3V 


III 
Input Leakage 
Current 
10 
~ 
VIN = Vss to Vee 


ILO 
Output 
Leakage 
Current 
10 
~ 
VOUT = Vss to Vee, CE = VIH 
VIL(2) 
Input LOW Voltage 
-1 
0.8 
V 


VIH(2) 
Input HIGH Voltage 
2 
Vce + 1 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL=6mA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH = --4mA 


Noles: 
(1l Typical values are for TA = 25°C and nominal supply voltage. 
(2) VIL min. and VIH max. are for reference only and are not tested. 


Symbol 
Parameter 
Max. 
Units 


tpUR(3) 
Power-Up 
to Read 
100 
~s 
tpUW(3) 
Power-Up 
to Write 
5 
ms 


Symbol 
Test 
Max. 
Units 
Conditions 


Clld9) 
InpuVOutput 
Capacitance 
10 
pF 
Vuo = OV 
CIN(9) 
Input Capacitance 
6 
pF 
VIN = OV • 


Parameter 
Min. 
Max. 
Units 


Endurance 
100,000 
Cycles 


Data Retention 
100 
Years 


Input Pulse Levels 
OV to 3V 


Input Rise and 
Fall Times 
5ns 


Input and Output 
Timing 
Levels 
1.5V 


CE 
OE 
WE 
Mode 
I/O 
Power 


L 
L 
H 
Read 
DOUT 
Active 


L 
H 
L 
Write 
DIN 
Active 


H 
X 
X 
Standby 
and Write 
Inhibit 
High Z 
Standby 


X 
L 
X 
Write Inhibit 
- 
- 


X 
X 
H 
Write Inhibit 
- 
- 


3859 
PGM TOO 


SYMBOL TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Mustbe 
Will be 
steady 
steady 


JlT 


Maychange 
Will change 


from LOW 
from LOW 
to HIGH 
to HIGH 


~ 


Maychange 
Will change 
from HIGH 
from HIGH 


to LOW 
to LOW 


XXXX 


Don'tCare: 
Changing: 


Changes 
StateNot 


Allowed 
Known 
H 


N/A 
Center Line 
is High 
Impedance 
1 


30PF 


A.C. CHARACTERISTICS 
(Over 
the recommended 
operating 
conditions, 
unless 
otherwise 
specified.) 


Read Cycle Limits 


X28HC256-70 
X28HC256·90 
X28HC256·12 
X28HC256-15 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tRC(5) 
Read 
Cycle 
Time 
70 
90 
120 
150 
ns 


tCE(5) 
Chip 
Enable 
Access 
Time 
70 
90 
120 
150 
ns 


tAA(5) 
Address 
Access 
Time 
70 
90 
120 
150 
ns 


tOE 
Output 
Enable 
Access 
Time 
35 
40 
50 
50 
ns 


tLZ (4) 
CE LOW 
to Active 
Output 
0 
0 
0 
0 
ns 


tOLZ (4) 
OE LOW 
to Active 
Output 
0 
0 
0 
0 
ns 


tHZ (4) 
CE HIGH 
to High Z Output 
35 
40 
50 
50 
ns 


tOHZ (4) 
OE HIGH 
to High Z Output 
35 
40 
50 
50 
ns 


tOH 
Output 
Hold 
From 
Address 
Change 
0 
0 
0 
0 
ns 


Notes: 
(4) 
tLZ min., tHZ, IoLZ min. and 10HZare periodically sampled and not 100% tested, tHZ and 10HZare measured, with CL = 5pF, 
from the point whin CE, OE return HIGH (whichever occurs first) to the time when the outputs are no longer driven. 
(5) 
For faster 256K products, refer to X28VC256 product line. 


Symbol 
Parameter 
Min. 
Typ.(6) 
Max. 
Units 


twc(7) 
Write Cycle Time 
3 
5 
ms 


tAS 
Address Setup Time 
0 
ns 
tAH 
Address Hold Time 
50 
ns 


tcs 
Write Setup Time 
0 
ns 


tCH 
Write Hold Time 
0 
ns 


tcw 
CE Pulse Width 
50 
ns 


tOES 
OE HIGH Setup Time 
0 
ns 


tOEH 
OE HIGH Hold Time 
0 
ns 
twp 
WE Pulse Width 
50 
ns 
tWPH(B) 
WE HIGH Recovery (page write only) 
50 
ns 


tDV 
Data Valid 
1 
Jls 
tDS 
Data Setup 
50 
ns 


tDH 
Data Hold 
0 
ns 
tDW(B) 
Delay to Next Write after Polling is True 
10 
Jls 
tSLC 
Byte Load Cycle 
0.15 
100 
Jls 


DATAVALID 


tDs 


DATAOUT XXXXXXXX>--------HI-GH-Z--------- 


Notes: 
(6) Typical values are for TA = 25°C and nominal supply voltage. 
(7) 
twc 
is the minimum 
cycle time to be allowed from the system perspective 
unless polling techniques 
are used. It is the maximum 
time the device requires to automatically 
complete the internal write operation. 


(B) !wPH and tow are periodically sampled and not 100% tested. 


• 


fllllA 
, 


DATA VALID 


tDS 


HIGHZ 


IIIIII 
'<lllJ '<lllJ YJ1ZJ '<lllJ '<lllJ wr 


!777'A !777'A !7/fj\ !777'A !777'A £71 


I/OXX~~~X 


BYTE 0 
BYTE 1 


Notes: 
(9) 
Between successive 
byte writes within a page write operation. OE can be strobed LOW: 
e.g. this can be done with CE and 


WE HIGH to fetch data from another memory device within the system for the next write; or with WE HIGH and CE LOW 
effectively 
performing a polling operation. 
(10) 
The timings shown above are unique to page write operations. 
Individual byte load operations within the page write must 
conform to either the CE or WE controlled write cycle timing. 


X28HC256 


DATA Polling Timing Diagram(11) 


ADDRESS 
AN 
'f:lll;I. 
AN 
'liJUX 
AN 
XXXXXXX 


CE 


WE 


toEH 
toES 


OE 


( 
) • 


1/°7 
DIWX 
DOUT=X 
) 


twc 
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twc 


"'/°6 beginning and ending state will vary. depending upon actual !We. 


X28HC256 
==r- 


-xL Access Time 
-70 
= 70ns 
-90 
= 90ns 
-12 = 120ns 
-15 
= 150ns 


Temperature 
Range 
Blank = Commercial 
= O°C to +70°C 
I = Industrial = -40°C 
to +85°C 
M = Military = -55°C 
to + 125°C 
MB = MIL-STD-883 


Package 
P = 28-Lead 
Plastic 
DIP 
D = 28-Lead 
Cerdip 
J = 32-Lead 
PLCC 
S = 28-Lead 
Plastic SOIC 
E = 32-Pad 
LCC 
K = 28-Pin 
Pin Grid Array 
F = 28-Lead 
Flat Pack 
T = 32-Lead 
TSOP 


LIMITED 
WARRANTY 


Devices 
sold by Xicor, 
Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms 
of Sale only. Xicor, Inc. makes no warranty, 
express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent infringement. 


Xicor, Inc. makes no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 
prices at any time and without 
notice. 


Xicor, Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4,263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 
4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 967; 4,883,976. 
Foreign 
patents 
and 
additional 
patents 
pending. 


LIFE RELATED 
POLICY 


In situations 
where semiconductor 
component 
failure may endanger 
life, system designers 
using this product should design the system 
with appropriate 
error 
detection 
and correction, 
redundancy 
and back-up 
features 
to prevent such an occurrence. 


Xicor's 
products 
are not authorized 
for use in critical components 
in life support 
devices or systems. 
1. Life support 
devices 
or systems 
are devices 
or systems 
which, (a) are intended 
for surgical 
implant into the body, or (b) support 
or sustain 
life, and whose 


failure to perform, 
when properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 
injury to the user. 


2. A critical 
component 
is any component 
of a life support device or system whose failure to perform 
can be reasonably 
expected 
to cause the failure of the life 
support 
device 
or system, 
or to affect its safety or effectiveness. 


iCDP 
® 


• Access Time: 45ns 
• Simple Byte and PageWrite 
-Single 
5V Supply 
-No 
External High Voltages or VppControl 
Circuits 
-Self-Timed 
-No 
Erase Before Write 
-No 
Complex Programming Algorithms 
-No 
Overerase Problem 


• Low Power CMOS: 
-Active: 
SOmA 
-Standby: 
10mA 
• Software Data Protection 
-Protects 
Data Against System Level 
Inadvertent Writes 
• High Speed PageWrite Capability 
• Highly Reliable Direct Write™Cell 
-Endurance: 
100,000Write Cycles 
-Data 
Retention: 100Years 
• Early End of Write Detection 
-DATA 
Polling 
- Toggle Bit Polling 


The X28VC256 is a second generation high perior- 
mance CMOS 32K x 8 E2PROM. It is fabricated with 
Xicor's proprietary, textured poly floating gate tech- 
nology, providing a highly reliable 5 Volt only nonvolatile 
memory. 


The X28VC256 supports a 128-byte page write opera- 
tion, effectively providing a 24~s/byte write cycle and 
3 


enabling the entire memory to be typically rewritten in 
less than 0.8 seconds. The X28VC256 also features 
DATA Polling and Toggle Bit Polling, two methods of 
providing early end of write detection. The X28VC256 
also supports the JEDEC standard Software Data Pro- 
tection feature for protecting against inadvertent writes 
during power-up and power-down. 


Endurance for the X28VC256 is specified as a minimum 
10,000 write cycles per byte and an inherent data 
retention of 100 years. 


PLASTIC 
DIP 
CERDIP 
LCC 


FLAT PACK 
PLCC 


SOIC 
.t ~ :; ~ >gl~:i 


A14 
VCC 
A12 
WE 
A2 
1 


A7 
A13 
"'6 
AS 
Al 
2 


Ao 
3 
"'6 
AS 
AS 
Ag 
1/00 
4 


AS 
Ag 
A4 
All 
1101 
5 


A4 
All 
A3 
1/02 
6 
NC 
NC 
7 


A3 
DE 
A2 
DE 
Vss 
S 


~ 
AlO 
A1 
AlO 
NC 
9 
1/03 
10 


A1 
DE 
Ao 
DE 
1/04 
11 


Ao 
IIOJ 
NC 
IIOJ 
1/05 
12 


1/06 
13 
1/°0 
1/°6 
1/°0 
1/°6 
1107 
14 


1/°1 
1/°5 
DE 
15 


11°2 
1104 
Al0 
16 


..•...C\I U')0 
M 
..,. I/) 
Vss 
1/°3 
~~>CI)z~~g 


3869 FHD F02 
3889 FHD F03 


PIN DESCRIPTIONS 


Addresses 
(Ao-A14) 


The 
Address 
inputs 
select 
an 8-bit 
memory 
location 


during 
a read or write operation. 


Chip Enable 
(CE) 


The Chip Enable input must be LOW to enable all read/ 
write operations. 
When CE is HIGH, power consumption 


is reduced. 


Output 
Enable 
(OE) 


The Output 
Enable input controls 
the data output buffers 


and is used to initiate 
read operations. 


Data In/Data 
Out (1/00-1/07) 


Data is written to or read from the X28VC256 
through the 


I/O pins. 


Write 
Enable 
(WE) 


The Write Enable input controls 
the writing of data to the 


X28VC256. 


X BUFFERS 


LATCHES AND 
DECODER 


Ao-A14 
ADDRESS 


INPUTS 


Y BUFFERS 


LATCHES AND 
DECODER 


CONTROL 
LOGIC AND 


TIMING 


VCC 0--- 


VSS 
0--- 


Symbol 
Description 


Ao-A14 
Address 
Inputs 


1/00-1/07 
Data Input/Output 


WE 
Write 
Enable 


CE 
Chip Enable 


OE 
Output 
Enable 


Vcc 
+5V 


Vss 
Ground 


NC 
No Connect 


VOl 
V02 
1/03 
IiCs 
1/06 
@@@@@ 


1/00 
AO 
Vss 
If04 
1/07 
@@@@@ 


A, 
A2 
CE 
A10 
® ® 
@ 
@ 


03 04 
~ 
@" 


055 0'2 @cc @9 @8 


256K-BIT 
E2PROM 
ARRAY 


'-------y------ 


1/00-1/07 


DATA INPUTSIOUTPUTS 


DEVICE OPERATION 


Read 


Read operations are initiated by both OE and CE LOW. 
The read operation is terminated by either CE or OE 
returning HIGH. This two line control architecture elimi- 
nates bus contention in a system environment. The data 
bus will be in a high impedance state when either OE or 
CE is HIGH. 


Write 


Write operations are initiated when both CE and WE are 
LOW and OE is HIGH. The X28VC256 supports both a 
CE and WE controlled write cycle. That is, the address 
is latched by the falling edge of either CE or WE, 
whichever occurs last. Similarly, the data is latched 
internally by the rising edge of either CE 
or WE, 


whichever occurs first. A byte write operation, once 
initiated, will automatically continue to completion, typi- 
cally within 3ms. 


Page Write Operation 


The page write feature of the X28VC256 allows the 
entire memory to be written in typically 0.8 seconds. 
Page write allows up to one hundred twenty-eight bytes 
of data to be consecutively written to the X28VC256 
prior to the commencement of the internal programming 
cycle. The host can fetch data from another device 
within the system during a page write operation (change 
the source address), but the page address (A7 through 
A14) for each subsequent valid write cycle to the part 
during this operation must be the same as the initial 
page address. 


The page write mode can be initiated during any write 
operation. Following the initial byte write cycle, the host 
can write an additional one to one hundred twenty- 
seven bytes in the same manner as the first byte was 
written. Each successive byte load cycle, started by the 
WE HIGH to LOW transition, must begin within 1OOIlSof 
the falling edge of the preceding WE. If a subsequent 
WE HIGH to LOW transition is not detected within 
100llS, the internal autcmatic programming cycle will 
commence. There is no page write window limitation. 
Effectively the page write window is infinitely wide, so 
long as the host continues to access the device within 
the byte load cycle time of 100IlS. 


Write Operation Status Bits 


The X28VC256 provides the user two write operation 
status bits.These can be usedto optimize a system write 
cycletime.The status bits are mapped onto the I/Obus as 
shown in Figure 1. 


Figure 1. Status Bit Assignment 
• 


~----~y~----~ 
RESERVED 


---- 
TOGGLE BIT 


------ 
DATA POLLING 


DATA Polling (1107) 


The X28VC256 features DATA Polling as a method to 
indicate to the host system that the byte write or page 
write cycle has completed. DATA Polling allows a simple 
bit test operation 
to determine 
the status 
of the 


X28VC256, eliminating additional interrupt inputs or 
external hardware. During the internal programming 
cycle, any attempt to read the last byte written will 
produce the complement of that data on 1/07 (I.e., write 
data = Oxxx xxxx, read data = 1xxx xxxx). Once the 
programming cycle is complete, 1/07 will reflect true 
data. 


Toggle Bit (1/06) 


The X28VC256 also provides another method for deter- 
mining when the internal write cycle is complete. During 
the internal programming cycle 1/06 will toggle from 
HIGH to LOW and LOW to HIGH on subsequent at- 
tempts to read the device. When the internal cycle is 
complete the toggling will cease and the device will be 
accessible for additional read and write operations. 


DATA POLLING VOl 


Figure 2. DATA Polling Bus Sequence 


LAST 


WE~ 


DATA Polling can effectively halve the time for writing to 
the X28VC256. The timing diagram in Figure 2 illus- 
trates the sequence of events on the bus. The software 
flow diagram in Figure 3 illustrates one method of 
implementing the routine. 


THE TOGGLE BIT 1/06 


Figure 4. Toggle Bit Bus Sequence 


LAST 


WE 
~ 


The Toggle Bit can eliminate the software housekeeping 
chore of saving and fetching the last address and data 
written to a device in order to implement DATA Polling. 
This can be especially helpful in an array comprised of 
multiple X28VC256 memories that is frequently up- 
dated. The timing diagram in Figure 4 illustrates the 
sequence of events on the bus. The software flow 
diagram in Figure 5 illustrates a method for polling the 
Toggle Bit. 


COMPARE 
ACCUMWITH 
ADDR n 


X28VC256 


HARDWARE DATA PROTECTION 


The X28VC256 provides two hardware features that 
protect nonvolatile data from inadvertent writes. 


-Default Vcc Sense-All 
write functions are inhibited 
when Vcc is ~ 3.5V typically. 


-Write Inhibit-Holding 
either OE LOW, WE HIGH, or 


CE HIGH will prevent an inadvertent write cycle during 
power-up and power-down, maintaining data integrity. 


SOFTWARE DATA PROTECTION 


The X28VC256 offers a software controlled data protec- 
tion feature. The X28VC256 is shipped from Xicor with 
the software data protection NOT ENABLED; that is,the 
device will be in the standard operating mode. In this 
mode data should be protected during power-up/down 
operations through the use of external circuits. The host 
would then have open read and write access of the 
device once Vcc was stable. 


The X28VC256 can be automatically protected during 
power-up and power-down without the need for external 


circuits by employing the software data protection fea- 
ture. The internal software data protection circuit is 
enabled after the first write operation utilizing the soft- 
ware algorithm. This circuit is nonvolatile and will remain 
set for the life of the device unless the reset command 
is issued. 


Once the software protection is enabled, the X28VC256 
is also protected from inadvertent and accidental writes 
in the powered-up state. That is, the software algorithm 
must be issued prior to writill9 additional data to the 
device. 


SOFTWARE ALGORITHM 


Selecting the software data protection mode requires 
the host system to precede data write operations by a 
series of three write operations to three specific ad- 
dresses. Refer to Figure 6 and 7 for the sequence. The 
three-byte sequence opens the page write window 
enabling the host to write from one to one hundred 
twenty-eight bytes of data. Once the page load cycle has 
been completed, the device will automatically be re- 
turned to the data protected state. 


Vcc 
OV 


Figure 7. Write Sequence for 
Software Data Protection 


WRITE DATAAA 
TOADDRESS 
5555 


WRITE 
DATA55 


TO ADDRESS 
2AAA 


WRITE DATAAO 


TOADDRESS 
5555 


WRITE DATA XX 
TOANY 
ADDRESS 


AFTERtwc 
RE-ENTERS 
DATA 
PROTECTED 
STATE 


BYTE 
OR 
PAGE 
-- 


Regardless of whether the device has previously been 
protected or not, once the software data protection 
algorithm 
is used and data has been written, the 


X28VC256 will automatically disable further writes un- 
less another command is issued to cancel it. If no further 
commands are issued the X28VC256 will be write 
protected during power-down and after any subsequent 
power-up. 


Note: 
Once initiated, thesequence of write operations 
should not be interrupted. 


OPTIONAL 
BYTE OR 
PAGE WRITE 
ALLOWED 


Vcc -fC 
J} 
C~] 


twc 
STANDARD 
OPERATING 
MODE 


Figure 9. Write Sequence for Resetting 
Software Data Protection 


WRITE DATAAA 
TO ADDRESS 
5555 


In the event the user wants to deactivate 
the software 
data protection 
feature 
for testing 
or reprogramming 
in 
an E2PROM 
programmer, 
the following 
six step algo- 
rithm will reset the internal 
protection 
circuit. 
After twc. 
the X28VC256 
will be in standard 
operating 
mode. 


Note: 
Once initiated, the sequence of write operations 
should not be interrupted. 


WRITE 
DATA 55 
TO ADDRESS 
2AAA 


WRITE DATA 80 
TO ADDRESS 
5555 


WRITE DATAAA 
TO ADDRESS 
5555 


WRITE 
DATA 20 
TO ADDRESS 
5555 


AFTERtwc, 
RE-ENTERS 
UNPROTECTED 
STATE 


SYSTEM CONSIDERATIONS 


Because the X28VC256 is frequently used in large 
memory arrays it is provided with a two line control 
architecture for both read and write operations. Proper 
usage can provide the lowest possible power dissipation 
and eliminate the possibility of contention where mul- 
tiple I/O pins share the same bus. 


To gain the most benefit it is recommended that CE be 
decoded from the address bus and be used as the 
primary device selection input. Both OE and WE would 
then be common among all devices in the array. For a 
read operation this assures that all deselected devices 
are in their standby mode and that only the selected 
device(s) is outputting data on the bus. 


Because the X28VC256 has two power modes, standby 
and active, proper decoupling of the memory array is of 


prime concern. Enabling CE will cause transient current 
spikes. The magnitude of these spikes is dependent on 
the output capacitive loading of the I/Os. Therefore, the 
larger the array sharing a common bus, the larger the 
transient spikes. The voltage peaks associated with the 
current transients can be suppressed by the proper 
selection and placement of decoupling capacitors. As a 
minimum, it is recommended that a 0.1~F high fre- 
quency ceramic capacitor be used between Vcc.and 
Vss at each device. Depending on the size of the array, 
the value of the capacitor may have to be larger. 


In addition, it is recommended that a 4.7~F electrolytic 
__ 
bulk capacitor be placed between Vcc and Vss for each 
eight devices employed in the array. This bulk capacitor 
is employed to overcome the voltage droop caused by 
the inductive effects of the PC board traces. 


ABSOLUTE 
MAXIMUM 
RATINGS' 
Temperature 
under 
Bias 
X28VC256 
-10°C 
to +85°C 
X28VC2561, 
X28VC256M 
-65°C 
to +135°C 


Storage 
Temperature 
-65°C 
to + 150°C 


Voltage 
on any Pin with 
Respect 
to VSS 
-1 V to +7V 


D.C. Output 
Current 
10mA 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


'COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 


indicated in the operational 
sections of this specification 
is 


not implied. Exposure to absolute 
maximum 
rating condi- 


tions for extended 
periods 
may affect device 
reliability. 


Supply 
Voltage 


X28VC256 


Limits 


5V±10% 


Limits 


Symbol 
Parameter 
Min. 
Typ.(1) 
Max. 
Units 
Test 
Conditions 


Ice 
Vee Active 
Current 
30 
80 
mA 
CE = OE = VIL, WE = VIH, 
All I/O's = Open, Address 
Inputs = 


0.4V/2.4V 
Levels 
@ f = 10MHz 


19B 
Vee 
Standby 
Current 
10 
25 
mA 
CE = VIH, OE = VIL, All I/O's = 
Open, 
Other 
Inputs = VIH 


III 
Input Leakage 
Current 
10 
~ 
VIN = Vss to Vee 


ILO 
Output 
Leakage 
Current 
10 
IlA 
VOUT = Vss to Vee, CE = VIH 


VIL(2) 
Input LOW Voltage 
-1 
0.8 
V 


VIH(2) 
Input HIGH Voltage 
2 
Vee + 1 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL = 6mA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH =-4mA 


Notes: 
(1) Typical values are for TA = 25°C and nominal supply voltage. 
(2) 
VIL min. and VIH max. are for reference only and are not tested. 


Symbol 
Parameter 
Max. 
Units 


tpUR(3) 
Power-Up 
to Read 
100 
J.lS 


tpUW(3) 
Power-Up 
to Write 
5 
ms 


Symbol 
Test 
Max. 
Units 
Conditions 


Cl/d3) 
InpuVOutput 
Capacitance 
10 
pF 
VI/a = OV 


CIN(3) 
Input 
Capacitance 
6 
pF 
VIN= 
OV • 
Parameter 
Min. 
Max. 
Units 


Endurance 
100,000 
Cycles 


Data 
Retention 
100 
Years 


Input 
Pulse 
Levels 
OV to 3V 


Input 
Rise 
and 


Fall Times 
5ns 


Input 
and 
Output 
Timing 
Levels 
1.5V 


CE 
OE 
WE 
Mode 
1/0 
Power 


L 
L 
H 
Read 
DauT 
Active 


L 
H 
L 
Write 
DIN 
Active 


H 
X 
X 
Standby 
and Write 
Inhibit 
HighZ 
Standby 
X 
L 
X 
Write 
Inhibit 
- 
- 
X 
X 
H 
Write 
Inhibit 
- 
- 


SYMBOL TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 


JlT 


May change 
Will change 
from LOW 
from LOW 
to HIGH 
to HIGH 


~ 


May change 
Will change 


from HIGH 
from HIGH 
to LOW 
to LOW 


XXXX 


Don't Care: 
Changing: 


Changes 
State Not 


Allowed 
Known 
H 


NIA 
Center Line 
is High 
Impedance 
1 


30PF 


A.C. CHARACTERISTICS (Over the recommended 
operating 
conditions, 
unless otherwise 
specified.) 


Read Cycle Limits 


X28VC256-45 
X28VC256-55 
X28VC256-70 
X28VC256-90 


-40°C to 85°C 
-55°C to 125°C -55°C to 125°C -55°C to 125°C 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tRC 
Read Cycle Time 
45 
55 
70 
90 
ns 


tCE 
Chip Enable 
Access 
Time 
45 
55 
70 
90 
ns 


tAA 
Address 
Access 
Time 
45 
55 
70 
90 
ns 


tOE 
Output 
Enable 
Access 
Time 
30 
30 
35 
40 
ns 


tLZ (4) 
CE LOW to Active 
Output 
0 
0 
0 
0 
ns 


tOLZ (4) 
OE LOW to Active 
Output 
0 
0 
0 
0 
ns 
tHZ (4) 
CE HIGH to High Z Output 
30 
30 
35 
40 
ns 


to HZ (4) 
OE HIGH to High Z Output 
30 
30 
35 
40 
ns 


tOH 
Output 
Hold From Address 
Change 
0 
0 
0 
0 
ns 


Notes: (4) 
tLZmin.,tHZ,tOLZmin.and 10HZare periodicallysampledandnot 100%tested,tHZand10HZare measured,with CL = 5pF, 
from the pointwhin CE, OE returnHIGH(whicheveroccursfirst)to the time whenthe outputsare no longerdriven. 


Symbol 
Parameter 
Min. 
Typ.(S) 
Max. 
Units 


twd6) 
Write Cycle Time 
3 
5 
ms 


tAS 
Address Setup Time 
0 
ns 


tAH 
Address Hold Time 
50 
ns 


tcs 
Write Setup Time 
0 
ns 


tCH 
Write Hold Time 
0 
ns 


tcw 
CE Pulse Width 
50 
ns 
tOES 
OE HIGH Setup Time 
0 
ns 


tOEH 
OE HIGH Hold Time 
0 
ns 


twp 
WE Pulse Width 
50 
ns 
tWPH(7) 
WE HIGH Recovery (page write only) 
50 
ns 
tov 
Data Valid 
1 
~s 
tos 
Data Setup 
50 
ns 


tOH 
Data Hold 
0 
ns 
tow(7) 
Delay to Next Write after Polling is True 
10 
~s 
tSLC 
Byte Load Cycle 
0.150 
100 
~ • 


OATAOUT'IX1XIX'!YJ-------------H-IG-H-Z---------------- 


3869 
FHD 
F06 


Notes: 
(5) Typical values are for TA ~ 25°C and nominal supply voltage. 
(6) !WC is the minimum 
cycle time to be allowed from the system perspective unless polling techniques 
are used. It is the maximum 
time the device requires to automatically 
complete the intemal write operation. 
(7) tWPH and tow are periodically sampled and not 100% tested. 


,&\\\\J 


/III/A 


tDS 


HIGHZ 


OE(S) IIIIV 


CE 
\ 


twP 


WE 


YJ1lJ YJ1lJ 'VI1LJ YJ1lJ YJ1lJ '@r 


I117A I117A m]ZA I117A I117A tl1 


_x __ x__ x_~ 


Notes: 
(8) 
Between successive 
byte writes within a page write operation, OE can be strobed LOW: 
e.g. this can be done with CE and WE 


HIGH to fetch data from another memory device within the system for the next write; or with WE HIGH and CE LOW effectively 
performing a polling operation. 
(9) 
The timings shown above are unique to page write operations. 
Individual byte load operations within the page write must conform 
to either the CE or WE controlled write cycle timing. 


X28VC256 
=r 


-xLAccess Time 


-45 
= 45ns 
-55 
= 55ns 
-70 
= 70ns 
-90 
= 90ns 


Temperature 
Range 
Blank = Commercial 
= o°C to +7o°c 
I = Industrial 
= -40°C 
to +85°C 
M = Military = -55°C 
to +125°C 
MB = MIL-STD-883 


Package 
P = 28-Lead 
Plastic 
DIP 
D = 28-Lead 
Cerdip 
J = 32-Lead 
PLCC 
S = 28-Lead 
Plastic SOIC 
E = 32-Pad 
LCC 
K = 28-Lead 
Pin Grid Array 
F = 28-Lead 
Flat Pack 
T = 32-Lead 
TSOP 


LIMITED WARRANTY 


Devices 
sold by XicDr, 
Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms of Sale only. Xicor, Inc. makes 
no warranty, 
express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent 
infringement. 


Xicor, Inc. makes no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 
prices at any time and without 
notice. 


Xicor, Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4,263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 
4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874,967; 
4,883,976. 
Foreign 
patents 
and 


additional 
patents 
pending. 


LIFE RELATED 
POLICY 


In situations 
where semiconductor 
component 
failure may endanger 
life, system 
designers 
using this product should design the system 
with appropriate 
error 
detection 
and correction, 
redundancy 
and back-up 
features 
to prevent such an occurrence. 


Xicor's products 
are not authorized 
for use in critical components 
in life support devices 
or systems. 


1. Life support 
devices 
or systems 
are devices 
or systems 
which, (a) are intended 
for surgical 
implant into the body, or (b) support 
or sustain 
life, and whose 
failure to perform, 
when properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 


iniury to the user. 


2. A critical 
component 
is any component 
of a life support device or system whose failure to perform 
can be reasonably 
expected 
to cause the failure 
of the life 
support 
device 
or system, 
or to affect its safety or effectiveness. 
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5 Volt, Byte Alterable E2PROM 


• Access Time: 90ns 
• Simple Byte and Page Write 


-Single 
SVSupply 


- 
No External High Voltages or VppControl 
Circuits 


-Self-Timed 


-No 
Erase Before Write 


-No 
Complex Programming Algorithms 


-No 
Overerase Problem 


• Low Power CMOS: 


-Active: 
SOmA 


-Standby: 
SOO~ 


• Software Data Protection 


-Protects 
Data Against System Level 


Inadvertant Writes 


• High Speed Page Write Capability 
• Highly Reliable Direct Write™ Cell 


-Endurance: 
10,000Write Cycles 


-Data 
Retention: 100 Years 


• Early End of Write Detection 


-DATA 
Polling 


-Toggle 
Bit Polling 


PIN CONFIGURATION 


PLASTIC 
DIP 
CERDIP 


FLAT PACK 


R(SOIC) 


NC 
VCC 
A11 
1 


WE 
A9 
2 
NC 
A8 
3 


A1S 
NC 
A13 
4 
A14 
5 
A12 
A14 
NC 
6 


A7 
A13 
NC 
7 


A6 
A8 
NC 
8 
WE 
9 


AS 
Ag 
VCC 
10 


A4 
All 
NC 
11 


NC 
12 


A3 
OE 
NC 
13 


A2 
AlO 
NC 
14 


A1 
CE 
A,S 
15 
A12 
16 


Ao 
1/°7 
A7 
17 


1/°0 
1/°6 
A6 
18 
AS 
19 


1/°1 
1/°5 
A4 
20 


1/°2 
1/04 


Vss 
1/°3 


3856 FHD F01 


• Two PLCCand LCC Pinouts 
-X28CS12 
-X28C010 E2PROMPin Compatible 


-X28CS13 
-Compatible 
with Lower Density E2PROMs 


DESCRIPTION 


The X28C512/513 
is an 64K x 8 E2PROM, 
fabricated 


with Xicor's 
proprietary, 
high performance, 
floating 
gate 


CMOS 
technology. 
Like all Xicor 
programmable 
non- 


volatile memories 
the X28C512/513 
is a 5Vonly 
device. 


The X28C512/513 
features 
the JEDEC 
approved 
pinout 


for bytewide 
memories, 
compatible 
with industry 
stan- 


dard EPROMS. 


The X28C512/513 
supports 
a 128-byte 
page write op- 


eration, effectively 
providing 
a 3911s/byte 
write cycle and 


enabling 
the entire memory 
to be written 
in less than 2.5 


seconds. 
The X28C512/513 
also features 
DATA Polling 


and Toggle Bit Polling, system software support schemes 
used to indicate the early completion 
of a write cycle. 
In 


addition, 
the X28C512/513 
supports 
the Software 
Data 


Protection 
option. 
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PIN DESCRIPTIONS 


Addresses 
(Ao-A1S) 


The 
Address 
inputs 
select 
an 8-bit 
memory 
location 
during 
a read or write operation. 


Chip 
Enable 
(CE) 


The Chip Enable 
input must be LOW to enable all read/ 


write operations. 
When CE is HIGH, power consumption 


is reduced. 


Output 
Enable 
(OE) 


The Output Enable input controls 
the data output buffers 


and is used to initiate 
read operations. 


Data In/Data 
Out (1/00-1/07) 


Data is written to or read from the X28C512/513 
through 


the I/O pins. 


Write 
Enable 
(WE) 


The Write Enable input controls 
the writing of data to the 


X28C5121513. 


X BUFFERS 


LATCHES AND 
DECODER 


Y BUFFERS 


LATCHES AND 
DECODER 


CONTROL 
LOGIC AND 
TIMING 


VCC 0----- 


VSS 0----- 


Symbol 
Description 


Ao-A15 
Address 
Inputs 


1/00-1/07 
Data Input/Output 


WE 
Write 
Enable 


CE 
Chip Enable 


OE 
Output 
Enable 
Vcc 
+5V 
Vss 
Ground 


NC 
No Connect 
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S12K-BIT 
E2PROM 
ARRAY 


1/00-1/07 


DATAINPUTS/OUTPUTS 


Read 


Read operations 
are initiated 
by both DE and CE LOW. 
The 
read operation 
is terminated 
by either 
CE or DE 


returning 
HIGH. This two line control 
architecture 
elimi- 


nates bus contention 
in a system environment. 
The data 


bus will be in a high impedance 
state when either DE or 


CE is HIGH. 


Write 


Write operations 
are initiated when both CE and WE are 


LOWand 
DE is HIGH. The X28C512/513 
supports 
both 


a CE and WE controlled 
write cycle. That is, the address 


is latched 
by the 
falling 
edge 
of either 
CE 
or WE, 
whichever 
occurs 
last. 
Similarly, 
the 
data 
is latched 


internally 
by the rising edge of either CE or WE, which- 


ever occurs 
first. A byte write operation, 
once initiated, 
will automatically 
continue 
to completion, 
typically within 


5ms. 


Page Write Operation 


The page write feature 
of the X28C512/513 
allows the 


entire 
memory 
to be written 
in 2.5 seconds. 
Page write 


allows two to one hundred 
twenty-eight 
bytes of data to 


be consecutively 
written to the X28C512/513 
prior to the 


commencement 
of the internal 
programming 
cycle. The 


host 
can 
fetch 
data 
from 
another 
device 
within 
the 


system during a page write operation 
(change the source 


address), 
but the 
page 
address 
(A7 through 
A1S) for 


each subsequent 
valid write cycle to the part during this 


operation 
must be the same as the initial page address. 


The page write 
mode can be initiated 
during any write 


operation. 
Following 
the initial byte write cycle, the host 


can 
write 
an additional 
one 
to one 
hundred 
twenty- 


seven 
bytes 
in the same 
rnanner 
as the first byte was 


written. 
Each successive 
byte load cycle, started by the 


WE HIGH to LOW transition, 
must begin within 1OOJl.Sof 


the falling 
edge of the preceding 
WE. If a subsequent 


WE 
HIGH 
to 
LOW 
transition 
is not 
detected 
within 


100Jl.s, the internal 
automatic 
programming 
cycle 
will 


commence. 
There 
is no page write window 
limitation. 


Effectively 
the page write window 
is infinitely 
wide, 
so 


long as the host continues 
to access 
the device 
within 


the byte load cycle time of 100Jl.s. 


Write Operation Status Bits 


The X28C512/513 
provides 
the user two write operation 


status 
bits. These 
can be used to optimize 
a system 


write cycle time. 
The status 
bits are mapped 
onto the 


liD bus as shown 
in Figure 
1. 


Figure 1. Status Bit Assignment 
• 
RESERVED 


-----TOGGLE 
BIT 


------DATA 
POLLING 


DATA Polling (1/07) 


The X28C512/513 
features 
DATA Polling 
as a rnethod 


to indicate to the host system that the byte write or page 
write cycle has completed. 
DATA Polling allows a simple 


bit test operation 
to determine 
the status of the X28C5121 


513, eliminating 
additional 
interrupt 
inputs 
or external 


hardware. 
During the internal 
programming 
cycle, 
any 


attempt 
to read the last byte written 
will produce 
the 


complement 
of that data on 1/07 (Le. write data = Oxxx 


xxxx, 
read data = 1xxx xxxx). 
Once the programming 


cycle is complete, 
1/07 will reflect true data. 


Toggle Bit (1/0s) 


The 
X28C512/513 
also 
provides 
another 
method 
for 


determining 
when the internal 
write cycle 
is complete. 


During the internal 
programming 
cycle, 
1/06 will toggle 


from HIGH to LOW and LOW to HIGH on subsequent 
attempts 
to read the device. 
When the internal 
cycle is 


complete 
the toggling 
will cease 
and the device 
will be 


accessible 
for additional 
read or write operations. 


DATA Polling 1107 
Figure 2a. DATA Polling Bus Sequence 


LAST 


WE~ 


VOH 


X28C5121513 
READY 


DATA Polling can effectively 
halve the time for writing to 


the X28C512/513. The timing diagram in Figure 2a 
illustrates the sequence of events 
on the bus. The 


software flow diagram in Figure 2b illustrates one method 
of implementing the routine. 


The Toggle Bit 1/06 
Figure 3a. Toggle Bit Bus Sequence 


LAST 


WE 
~ 
• 


The Toggle Bit can eliminate 
the software 
housekeeping 


chore of saving 
and fetching 
the last address 
and data 


written to a device 
in order to implement 
DATA Polling. 


This can be especially 
helpful 
in an array comprised 
of 


multiple 
X28C512/513 
memories 
that is frequently 
up- 


dated. Toggle 
Bit Polling can also provide 
a method for 


status 
checking 
in multiprocessor 
applications. 
The 


timing 
diagram 
in Figure 
3a illustrates 
the sequence 
of 


events on the bus. The software 
flow diagram 
in Figure 


3b illustrates 
a method 
for polling 
the Toggle 
Bit. 


COMPARE 
ACCUMWITH 
ADDR n 


X28C5121X28C513 


HARDWARE DATA PROTECTION 


The X28C512/513 
provides three hardware features 
that protect nonvolatile data from inadvertent writes. 


• Noise Protection-A 
WE pulse typically less than 
1Onswill not initiate a write cycle. 


• Default Vcc Sense-All 
write functions are inhibited 
when Vcc is ~3.6V. 
_ 
_ 


• Write Inhibit-Holding 
either OE LOW, WE HIGH, 
or CE HIGH will prevent an inadvertent write cycle 
during power-up and power-down, maintaining data 
integrity. Write cycle timing specifications must be 
observed concurrently. 


SOFTWARE DATA PROTECTION 


The X28C512/513 
offers a software controlled data 
protection feature. The X28C512/513 
is shipped from 
Xicor with the software data protection NOT ENABLED; 
that is,the device will be inthe standard operating mode. 
In this mode data should be protected during power-upl 
-down operations through the use of external circuits. 
The host would then have open read and write access 
of the device once Vcc was stable. 


The X28C512/513 
can be automatically protected dur- 


ing power-up and power-down without the need for 
external circuits by employing the software data protec- 
tion feature. The internal software data protection circuit 
is enabled after the first write operation utilizing the 
software algorithm. This circuit is nonvolatile and will 
remain set for the life of the device unless the reset 
command is issued. 


Once the software protection is enabled, the X28C5121 
513 is also protected from inadvertent and accidental 
writes in the powered-up state. That is, the software 
algorithm must be issued prior to writing additional data 
to the device. Note: The data in the three-byte enable 
sequence is not written to the memory array. 


SOFTWARE ALGORITHM 


Selecting the software data protection mode requires 
the host system to precede data write operations by a 
series of three write operations to three specific ad- 
dresses. Refer to Figure 4a and 4b for the sequence. 
The three byte sequence opens the page write window 
enabling the host to write from one to one hundred 
twenty-eight bytes of data. Once the page load cycle has 
been completed, the device will automatically be re- 
turned to the data protected state. 


Software Data Protection 
Figure 4a. Timing Sequence-Software 
Data Protect Enable Sequence followed by Byte or Page Write 


VCC 
ov 


BYTE 
OR 
PAGE 


Figure 4b. Write Sequence for Software Data 
Protection 


WRITE DATAAO 
TO ADDRESS 
5555 


Regardless of whether the device has previously been 
protected or not, once the software data protected 
algorithm 
is used and data has been written, the 
X28C512/513 
will automatically disable further writes 


unless another command is issued to cancel it. If no 
further commands are issued the X28C5121513 
will be 


write protected during power-down and after any subse- 
quent power-up. The state of A15 while executing the 
algorithm is don't care. 


Note: Once initiated, the sequence of write operations 


should not be interrupted. 


WRITE DATAAA 
TO ADDRESS 
5555 


WRITE 
DATA 55 
TO ADDRESS 


2AAA 


WRITE DATA xx 


TOANY 
ADDRESS 
OPTIONAL 
BYTE/PAGE 
LOAD OPERATION 
• 
WRITE 
LAST 
BYTE TO 
LAST ADDRESS 


----- -----!----------- 


AFTER !Wc 
RE-ENTERS 
DATA 
PROTECTED 
STATE 


Resetting Software Data Protection 
Figure 5a. Reset Software Data Protection Timing Sequence 
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J 
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Figure 5b. Software Sequence to Deactivate 
Software Data Protection 


WRITE DATAAA 
TO ADDRESS 


5555 


In the event the user wants to deactivate the software 
data protection feature for testing or reprogramming in 
an E2PROM programmer, the following six step algo- 
rithm will reset the internal protection circuit. After twe, 
the X28C512/513 
will be in standard operating mode. 


Note: Once initiated, the sequence of write operations 


should not be interrupted. 
WRITE 
DATA 55 
TO ADDRESS 
2AAA 


WRITE DATA 80 


TO ADDRESS 


5555 


WRITE DATAAA 
TO ADDRESS 


5555 


WRITE 
DATA 55 


TO ADDRESS 
2AAA 


SYSTEM CONSIDERATIONS 


Because the X28C512/513 
is frequently used in large 


memory arrays it is provided with a two line control 
architecture for both read and write operations. Proper 
usage can provide the lowest possible power dissipation 
and eliminate the possibility of contention where mul- 
tiple 1/0 pins share the same bus. 


To gain the most benefit it is recommended that CE be 
decoded from the address bus and be used as the 
primary device selection input. Both OE and WE would 
then be common among all devices in the array. For a 
read operation this assures that all deselected devices 
are in their standby mode and that only the selected 
device(s) is outputting data on the bus. 


Because the X28C512/513 
has two power modes, 
standby and active, proper decoupling of the memory 


array is of prime concern. Enabling CE will cause 
transient current spikes. The magnitude of these spikes 
is dependent on the output capacitive loading of the II 
Os. Therefore, the larger the array sharing a common 
bus, the larger the transient spikes. The voltage peaks 
associated with the current transients can be sup- 
pressed by the proper selection and placement of 
decoupling capacitors. As a minimum, it is recom- 
mended that a 0.1J..lFhigh frequency ceramic capa.citor 
be used between Vcc and V55 at each device. Depend- 
ing on the size of the array, the value of the capacitor 
may have to be larger. 


In addition, it is recommended that a 4.7J..lFelectrolytic 
•• 
bulk capacitor be placed between Vcc and V55for each 
~ 
eight devices employed in the array. This bulk capacitor 
is employed to overcome the voltage droop caused by 
the inductive effects of the PC board traces. 


ABSOLUTE MAXIMUM RATINGS· 
Temperature 
under 
Bias 
X28C512/513 
-10°C 
to +85°C 
X28C512115131 
-65°C 
to + 135°C 
X28C512M/513M 
-65°C 
to +135°C 


Storage 
Temperature 
--65°C to +150°C 


Voltage 
on any Pin with 
Respect 
to VSS 
-1 V to +7V 


D.C. Output 
Current 
5mA 


Lead Temperature 


(Soldering, 
10 seconds) 
300°C 


Temperature 
Min. 
Max. 


Commercial 
. 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


·COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 


indicated in the operational 
sections of this specification 
is 


not implied. Exposure to absolute 
maximum 
rating condi- 


tions for extended 
periods 
may affect device 
reliability. 


Supply Voltage 


X28C512/513 


Limits 


5V±10% 


3856 
PGM 
T03.1 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Ice 
Vee Current 
(Active) 
50 
mA 
CE = OE = VIL, WE = VIH, 


(TTL Inputs) 
All I/O's = Open, 
Address 
Inputs = 


.4V/2.4V 
Levels 
@ f = 5MHz 


IS81 
Vee Current 
(Standby) 
3 
mA 
CE = VIH, OE = VIL 
(TTL Inputs) 
All I/O's = Open, Other Inputs = Vee 


IS82 
Vee Current 
(Standby) 
500 
IlA 
CE = Vee - 0.3V, OE = V1L 


(CMOS 
Inputs) 
All I/O's = Open, Other Inputs = Vee 


III 
Input Leakage 
Current 
10 
IlA 
VIN = Vss to Vee 


ILO 
Output 
Leakage 
Current 
10 
IlA 
VOUT = Vss to Vee, CE = VIH 
VIL(1) 
Input LOW Voltage 
-1 
0.8 
V 


VIH(1) 
Input HIGH Voltage 
2 
Vee + 1 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL = 2.1mA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH = -4001lA 


Symbol 
Parameter 
Max. 
Units 


tpUR(2) 
Power-up 
to Read Operation 
100 
~s 


tpUW(2) 
Power-up 
to Write Operation 
5 
ms 


Symbol 
Parameter 
Max. 
Units 
Test Conditions 


CI/O(2) 
Input/Output 
Capacitance 
10 
pF 
VI/O = OV 
CIN(2) 
Input Capacitance 
10 
pF 
VIN= OV -- 


Parameter 
Min. 
Max. 
Units 


Endurance 
10,000 
Cycles 
per Byte 


Data Retention 
100 
Years 


Input Pulse Levels 
OVto 
3V 


Input Rise and 
Fall Times 
10ns 


Input and Output 
Timing 
Levels 
1.5V 


CE 
OE 
WE 
Mode 
VO 
Power 


L 
L 
H 
Read 
DOUT 
Active 


L 
H 
L 
Write 
DIN 
Active 


H 
X 
X 
Standby 
and 
HighZ 
Standby 


Write 
Inhibit 


X 
L 
X 
Write Inhibit 
- 
- 


X 
X 
H 
Write Inhibit 
- 
- 


3856 
PGM 
TOO 


SYMBOL TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Mustbe 
Will be 
steady 
steady 


-.illT 
Maychange 
Will change 


from LOW 
from LOW 


to HIGH 
to HIGH 


~ 


Maychange 
Will change 


from HIGH 
from HIGH 


to LOW 
to LOW 
XXXX 


Don'tCare: 
Changing: 


Changes 
State Not 


Allowed 
Known 
H 


N/A 
Center Line 
is High 
Impedance 


1100PF 


X28C512-90 
X28C512-12 
X28C512-15 
X28C512-20 
X28C512-25 


X28C513-90 
X28C513-12 
X28C513-15 
X28C513-20 
X28C513-25 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tRC 
Read 
Cycle 
Time 
90 
120 
150 
200 
250 
ns 


tCE 
Chip 
Enable 
Access 
Time 
90 
120 
150 
200 
250 
ns 


tAA 
Address 
Access 
Time 
90 
120 
150 
200 
250 
ns 


tOE 
Output 
Enable 
Access 
Time 
40 
50 
50 
50 
50 
ns 


tLZ(3) 
CE LOW 
to Active 
Output 
0 
0 
0 
0 
0 
ns 


tOLZ(3) 
OE LOW 
to Active 
Output 
0 
0 
0 
0 
0 
ns 


tHZ(3) 
CE HIGH 
to High Z Output 
40 
50 
50 
50 
50 
ns 


tOHZ(3) 
OE HIGH 
to High Z Output 
40 
50 
50 
50 
50 
ns 


tOH 
Output 
Hold 
from 
0 
0 
0 
0 
0 
ns 


Address 
Change 


Notes: 
(3) tLZmin., tHZ,tOLZmin., and tOHZ are periodically sampled and not 100% tested. tHZmax. and tOHZmax. are measured, with 
CL = 5pF from the point when CE or OE return HIGH (whichever occurs first) to the time when the outputs are no longer driven. 


Symbol 
Parameter 
Min. 
Max. 
Units 


twd4) 
Write Cycle Time 
10 
ms 


tAS 
Address 
Setup Time 
0 
ns 


tAH 
Address 
Hold Time 
50 
ns 


tcs 
Write Setup Time 
0 
ns 


tCH 
Write 
Hold Time 
0 
ns 


tcw 
CE Pulse Width 
100 
ns 


tOES 
OE HIGH Setup Time 
10 
ns 


tOEH 
OE HIGH Hold Time 
10 
ns 


twP 
WE Pulse Width 
100 
ns 


tWPH 
WE HIGH Recovery 
100 
ns 


tDV 
Data Valid 
1 
lls 


tDS 
Data Setup 
50 
ns 


tDH 
Data Hold 
10 
ns 


tDW 
Delay to Next Write 
10 
lls 


tSLC 
Byte Load Cycle 
0.2 
100 
lls 


DATAOUT XXXXXXXX>---------HI-GH-Z---------- 


Noles: 
(4) lwe is lhe minimum cycle lime to be allowed from the system perspective unless polling techniques are used. It is the maximum time 


the device requires to complete the internai write operation. 


-- 


WCXZXXXXXX7~ 


,£\\\\J 


fllllA 
, 


DATA VALID 


tDS 


HIGHZ 


11110 
YJl1J YJl1J YJ1lJ YJl1J YJl1J Wr 
!1W. !1W. !1/ /7A !1W. !1W. tl1 


I/O XXX'tK~ 
__ 
X_~ 


BYTE 0 


Notes: 
(5) 
Between successive byte writes within a page write operation, OE can be strobed LOW: e.g. this can be done with CE and WE HIGH 
to fetch data from another memory device within the system for the next write; or with WE HIGH and CE LOW effectively performing 
a polling operation. 
(6) The timings shown above are unique to page write operations. 
Individual byte load operations within the page write must conform 
to either the CE or WE controlled write cycle timing. 


~ 


tDW 


~UT=X 
)----- 
. 


X28C512 
---=r 


-xI 
Access Time 
-90 
= 90ns 
-12 
= 120ns 
-15 = 150ns 
-20 = 200ns 
-25 
= 250ns 


Temperature 
Range 
Blank = Commercial 
= O°C to +70°C 
I = Industrial = -40°C 
to +85°C 
M = Military = -55°C 
to + 125°C 
MB = Mil-STD-883 


X28C513 
---=r 


-xI 
Access Time 
-90 
= 90ns 
-12 
= 120ns 
-15 = 150ns 
-20 = 200ns 
-25 
= 250ns 


Package 
D = 32-Lead 
CerDip 
E = 32-Pad 
LCC 
F = 28-Lead 
Flat Pack 
J = 32-Lead 
PLCC 
K = 36-Lead 
Pin Grid Array 
P = 32-Lead 
Plastic 
Dip 
T = 40-Lead 
TSOP 


Temperature 
Range 
Blank = Commercial 
= O°C to +70°C 
I = Industrial 
= -40°C 
to +85°C 
M = Military = -55°C 
to +125°C 
MB = Mil-STD-883 


Package 
E = 32-Pad 
LCC 
J = 32-Lead 
PLCC 


LIMITED WARRANTY 
Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification 
provisions appearing in its Terms of Sale only. Xicor, Inc. makes 
no warranty, 
express, statutory, implied, or by description 
regarding the information set forth herein or regarding the freedom of the described 


devices from patent infringement. 
Xicor, Inc. makes no warranty of merchantability 
or fitness tor any purpose. Xicor, Inc. reserves the right to 


discontinue 
production 
and change specifications 
and prices at any time and without notice. 


Xicor, Inc. assumes no responsibility 
for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product. No other circuits, patents, 


licenses are implied. 


us. PATENTS 
Xicor products are covered by one or more of the following U.S. Patents: 4,263,664; 4,274,012; 4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 4,450,402; 4,486,769; 4,488,060; 4,520,461; 4,533,846; 4,599,706; 4,617,652; 4,668,932; 4,752,912; 4,829,482; 4,874,967; 4,883,976. 
Foreign patents and additional 
patents pending. 


LIFE RELATED 
POLICY 
In situations 
where semiconductor 
component 
failure may endanger life, system designers 
using this product should design the system with 
appropriate 
error detection and correction, 
redundancy and back-up features to prevent such an occurrence. 


Xicor's products are not authorized for use as critical components 
in life support devices or systems. 


1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain life, 
and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be reasonably expected 
to result in a significant injury to the user. 


2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to cause the failure 
of the life support device or system, or to affect its satety or effectiveness. 
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• 170°C Full Functionality 
• Simple Byte and Page Write 
-Single 
5V Supply 
-Self-Timed 
-No 
Erase Before Write 
-No 
Complex 
Programming 
Algorithms 
-No 
Overerase 
Problem 
• Highly Reliable 
Direct Write™ Cell 
-Endurance: 
10,000 Write Cycles 


-Data 
Retention: 
100 Years 
-Higher 
Temperature 
Functionality 
is Possible 
by Operating 
in the Byte Mode 


DESCRIPTION 


The X28HT512 
is an 64K x 8 CMOS 
E2PROM, 
fabri- 


cated with Xicor's 
proprietary, 
high performance, 
float- 


ing gate CMOS 
technology 
which 
provides 
Xicor prod- 


ucts superior 
high temperature 
performance 
character- 


istics. 
Like all Xicor 
programmable 
nonvolatile 
memo- 


ries the X28HT512 
is a 5V only device. 
The X28HT512 


features the JEDEC approved 
pinoutfor 
bytewide 
memo- 


ries, compatible 
with industry 
standard 
EPROMS. 


The X28HT512 
supports 
a 128-byte 
page write opera- 


tion, effectively 
providing 
a 39lls/byte 
write 
cycle 
and 


enabling 
the entire memory 
to be written 
in less than 2.5 


seconds. 
• 


PIN CONFIGURATION 


FLAT PACK 
CERDIP 


VBB 
1 
32 
VCC 


NC 
2 
31 
WE 


A15 
3 
30 
NC 


A12 
4 
29 
A14 


A7 
5 
28 
A13 
A6 
6 
27 
A8 


A5 
7 
26 
A9 
A4 
8 X28HT512 25 
A11 


A3 
9 
24 
OE 


A2 
10 
23 
A10 


A1 
11 
22 
CE 


AO 
12 
21 
1/°7 


1/°0 
13 
20 
1/°6 


1/°1 
14 
19 
1/°5 


1/°2 
15 
18 
1/04 
Vss 
16 
17 
1/°3 


6614 
FHD 
F02 


PIN DESCRIPTIONS 


Addresses 
(Ao-A1s) 


The Address inputs select an 8-bit memory location 
during a read or write operation. 


Chip Enable (CE) 


The Chip Enable input must be LOW to enable all read/ 
write operations. When CE is HIGH, power consumption 
is reduced. 


Output Enable (OE) 


The Output Enable input controls the data output buffers 
and is used to initiate read operations. 


Data In/Data Out (1/00-1/07) 


Data iswritten to or read from the X28HT512 through the 
I/O pins. 


Back Bias Voltage (Vss) 


It is required to provide -3V on pin 1. This negative 
voltage improves higher temperature functionality. 


X BUFFERS 
LATCHES AND 
DECODER 


Y BUFFERS 
LATCHES AND 
DECODER 


CONTROL 
LOGIC AND 
TIMING 


VCC 
0-- 


VSS 
0-- 


VBB 
0-- 


Write Enable (WE) 


The Write Enable input controls the writing of data to the 
X28HT512. 


Symbol 
Description 


Ao-A15 
Address Inputs 
1/00-1/07 
Data Input/Output 
WE 
Write Enable 
CE 
Chip Enable 
OE 
Output Enable 


VBB 
-3V 


Vcc 
+5V 
Vss 
Ground 
NC 
No Connect 


S12K-BIT 
E2PROM 
ARRAY 


1/00-1/07 


DATAINPUTS/OUTPUTS 


DEVICE OPERATION 


Read 


Read operations are initiated by both OE and CE LOW. 
The read operation is terminated by either CE or OE 
returning HIGH. This two line control architecture elimi- 
nates bus contention in a system environment. The data 
bus will be in a high impedance state when either OE or 
CE is HIGH. 


Write 


Write operations are initiated when both CE and WE are 
LOWand 
OE is HIGH. The X28HT512 supports both a 


CE and WE controlled write cycle. That is, the address 
is latched by the falling edge of either CE or WE, 
whichever occurs last. Similarly, the data is latched 
internally by the rising edge of either CE or WE, which- 
ever occurs first. A byte write operation, once initiated, 
will automatically continue to completion, typically within 
5ms. 


Page Write Operation 


The page write feature of the X28HT512 allows the 
entire memory to be written in 2.5 seconds. Page write 
allows two to one hundred twenty-eight bytes of data to 
be consecutively written to the X28HT512 prior to the 
commencement of the internal programming cycle. The 
host can fetch data from another device within the 
system during a page write operation (change the source 
address), but the page address (A7 through A1s) for 
each subsequent valid write cycle to the part during this 
operation must be the same as the initial page address. 


The page write mode can be initiated during any write 
operation. Following the initial byte write cycle, the host 
can write an additional one to one hundred twenty- 
seven bytes in the same manner as the first byte was 
written. Each successive byte load cycle, started by the 
WE HIGH to LOW transition, must begin within 1OOJ.lSof 
the falling edge of the preceding WE. If a subsequent 
WE HIGH to LOW transition is not detected within 
100J.ls,the internal automatic programming cycle will 
commence. There is no page write window limitation. 
Effectively the page write window is infinitely wide, so 
long as the host continues to access the device within 
the byte load cycle time of 100J.ls. 


HARDWARE DATA PROTECTION 


The X28HT512 provides three hardware features that 
protect nonvolatile data from inadvertent writes. 


• Noise Protection-A 
WE pulse typically less than 


10ns will not initiate a write cycle. 


• Default Vcc Sense-All 
write functions are inhibited 


when Vcc is ::;3.4V. 
• Write Inhibit-Holding 
either OE LOW, WE HIGH, 


or CE HIGH will prevent an inadvertent write cycle 
during power-up and power-down, maintaining data 
integrity. Write cycle timing specifications must be 
observed concurrently. 


Because the X28HT512 is frequently used in large 
memory arrays it is provided with a two line control 
architecture for both read and write operations. Proper 
usage can provide the lowest possible power dissipation 
__ 
and eliminate the possibility of contention where mul- 
tiple I/O pins share the same bus. 


It has been demonstrated that markedly higher tem- 
perature performance can be obtained from this device 
if CE is left enabled throughout the read and write 
operation. 


To gain the most benefit it is recommended that CE be 
decoded from the address bus and be used as the 
primary device selection input. Both OE and WE would 
then be common among all devices in the array. For a 
read operation this assures that all deselected devices 
are in their standby mode and that only the selected 
device(s) is outputting data on the bus. 


Because the X28HT512 has two power modes, standby 
and active, proper decoupling of the memory array is of 
prime concern. Enabling CE will cause transient current 
spikes. The magnitude of these spikes is dependent on 
the output capacitive loading of the JlOs.Therefore, the 
larger the array sharing a common bus, the larger the 
transient spikes. The voltage peaks associated with the 
current transients can be suppressed by the proper 
selection and placement of decoupling capacitors. As a 
minimum, it is recommended that a 0.1J.lF high fre- 
quency ceramic capacitor be used between Vcc and 
Vss at each device. Depending on the size of the array, 
the value of the capacitor may have to be larger. 


In addition, it is recommended that a 4.7J.lFelectrolytic 
bulk capacitor be placed between Vcc and V55for each 
eight devices employed in the array. This bulk capacitor 
is employed to overcome the voltage droop caused by 
the inductive effects of the PC board traces. 


ABSOLUTE MAXIMUM RATINGS' 
Temperature 
under 
Bias 


X28HT512 
-40°C 
to + 170°C 


Voltage 
on any Pin with 
Respect 
to VSS 
-1 V to +7V 


D.C. Output 
Current 
5mA 
Lead Temperature 


(Soldering, 
10 seconds) 
300°C 


Temperature 


High Temp 


Min. 


-40°C 


Max. 


+170°C 


'COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 


indicated in the operational 
sections of this specification 
is 


not implied. Exposure to absolute 
maximum 
rating condi- 


tions for extended 
periods 
may affect device 
reliability. 


Supply Voltage 
Limits 


X28HT512 
5V±5% 


Back Bias Voltage 
(VBB) 
3V ±10% 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Ice 
Vee Current 
(Active) 
50 
mA 
CE = OE = VIL, WE = VIH, 


(TTL Inputs) 
All I/O's = Open, 
Aedress 
Inputs = 


AV/2.4V 
Levels 
@ f = 5MHz 


ISBl 
Vee Current 
(Standby) 
3 
mA 
CE = VIH, OE = VIL 
(TTL Inputs) 
All I/O's = Open, Other Inputs = Vee 


III 
Input Leakage 
Current 
20 
JlA 
V1N= Vss to Vee 


ILO 
Output 
Leakage 
Current 
20 
JlA 
VOUT = Vss to Vee, CE = V1H 


V1L(1) 
Input LOW Voltage 
-1 
0.6 
V 
V1H(1) 
Input HIGH Voltage 
2.2 
Vee + 1 
V 


VOL 
Output 
LOW Voltage 
0.5 
V 
IOL = 1mA 


VOH 
Output 
HIGH Voltage 
2.6 
V 
IOH = -400JlA 


VBB 
Back Bias Voltage 
200 
JlA 


Symbol 
Parameter 
Max. 
Units 


tpUR(2) 
Power-up 
to Read Operation 
100 
~s 


tpUW(2) 
Power-up 
to Write Operation 
5 
ms 


Symbol 
Parameter 
Max. 
Units 
Test Conditions 


CI/O(2) 
InpuVOutput 
Capacitance 
10 
pF 
Vila = OV 
CIN(2) 
Input Capacitance 
10 
pF 
VIN= 
OV -- 


Parameter 
Min. 
Max. 
Units 


Endurance 
10,000 
Cycles 
per Byte 


Data Retention 
100 
Years 


Input Pulse Levels 
OV to 3V 


Input Rise and 
Fall Times 
10ns 


Input and Output 
Timing 
Levels 
1.5V 


CE 
OE 
WE 
Mode 
I/O 
Power 


L 
L 
H 
Read 
DOUT 
Active 


L 
H 
L 
Write 
DIN 
Active 


H 
X 
X 
Standby 
and 
HighZ 
Standby 


Write 
Inhibit 
X 
L 
X 
Write 
Inhibit 
- 
- 


X 
X 
H 
Write 
Inhibit 
- 
- 
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SYMBOL TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Mustbe 
Will be 
steady 
steady 
JlT 


Maychange 
Will change 


from LOW 
from LOW 
to HIGH 
to HIGH 


~ 
Maychan~e 
Will change 


fromHIG 
from HIGH 


to LOW 
to LOW 


XXXX 


Don'tCare: 
Chan~ng: 
Changes 
State 
ot 
Allowed 
Known 
H 


NIA 
Center Line 
is High 
Impedance 


1100PF 


X28HT512-20 
X28HT512-25 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Units 


tRC 
Read 
Cycle 
Time 
200 
250 
ns 


tCE 
Chip 
Enable 
Access 
Time 
200 
250 
ns 


tAA 
Address 
Access 
Time 
200 
250 
ns 


tOE 
Output 
Enable 
Access 
Time 
80 
80 
ns 


tLZ(3) 
CE LOW 
to Active 
Output 
0 
0 
ns 


tOLZ(3) 
OE LOW 
to Active 
Output 
0 
0 
ns 


tHZ(3) 
CE HIGH 
to High Z Output 
80 
80 
ns 


tOHZ(3) 
OE HIGH 
to High Z Output 
80 
80 
ns 


tOH 
Output 
Hold 
from 
Address 
Change 
0 
0 
ns 


Notes: 
(3) tLZ min., tHZ,tOLZmin., and tOHZ are periodically sampled and not 100% tested. tHZmax. and tOHZmax. are measured, with 
CL = 5pF from the point when CE or OE return HIGH (whichever occurs first) to the time when the outputs are no longer driven. 


Symbol 
Parameter 
Min. 
Max. 
Units 


tWC<4) 
Write Cycle Time 
10 
ms 


tAS 
Address Setup Time 
20 
ns 


tAH 
Address Hold Time 
100 
ns 


tcs 
Write Setup Time 
0 
ns 


tCH 
Write Hold Time 
0 
ns 


tcw 
CE Pulse Width 
200 
ns 


tOES 
OE HIGH Setup Time 
10 
ns 


tOEH 
OE HIGH Hold Time 
10 
ns 


twP 
WE Pulse Width 
200 
ns 


tWPH 
WE HIGH Recovery 
200 
ns 


tDV 
Data Valid 
1 
Jls 
tDS 
Data Setup 
100 
ns 


tDH 
Data Hold 
25 
ns 


tDW 
Delay to Next Write 
10 
Jls 
tSLC 
Byte Load Cycle 
0.4 
100 
Jls 


DATAVALID 


tDS 


DATAOUT X'/.YX'lXX'j)O----------H-IG-H-Z----------- 


6014 
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FOG 


Notes: 
(4) twe is the minimum cycle time to be allowed from the system perspective unless polling techniques are used. It is the maximum time 


the device requires to complete the internal write operation. 


• 


~\\\V 
-' 


llll/A 


~xxxxxxxx> 
- 
tDS 


HIGHZ 


IllIZI 
YJl1J YJl1J '<J1ZJ YJl1J YJl1J Wr 


!177A !177A !7/j)\ !177A !177A tll 


I/O YJXlJX'~~~X 
BYTE 0 


Notes: 
(5) 
Between successive byte writes within a page write operation, OE can be strobed LOW: e.g. this can be done with CE and WE HIGH 
to fetch data from another memory device within the system for the next write; or with WE HIGH and CE LOW effectively performing 
a polling operation. 
(6) The timings shown above are unique to page write operations. 
Individual byte load operations within the page write must conform 
to either the CE or WE controlled write cycle timing. 


X28HT512 
_T 


x 
-xL 


Access 
Time 
-25 
= 250n8 


-20 
= 200n8 


Temperature 
Range 
Blank = 25°C to 170°C 


Package 
D = 32-Lead 
CerDip 
F = 32-Lead 
Flat Pack 
• 


LIMITED 
WARRANTY 


Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification 
provisions appearing in its Terms of Sale only. Xicor, Inc. makes 
no warranty, 
express, statutory, implied, or by description 
regarding the information set forth herein or regarding the freedom of the described 
devices from patent infringement. 
Xicor, Inc. makes no warranty of merchantability 
or fitness tor any purpose. Xicor, Inc. reserves the right to 
discontinue 
production 
and change specifications 
and prices at any time and without notice. 


Xicor, Inc. assumes no responsibility 
for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product. No other circuits, patents, 


licenses are implied. 


US. PATENTS 
Xicor products are covered by one or more of the following U.S. Patents: 4,263,664; 4,274,012; 4,300,212; 4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 4,450,402; 4,486,769; 4,488,060; 4,520,461; 4,533,846; 4,599,706; 4,617,652; 4,668,932; 4,752,912; 4,829,482; 4,874,967; 4,883,976. 
Foreign patents and additional patents pending. 


LIFE RELATED 
POLICY 


In situations where semiconductor 
component 
failure may endanger life, system designers 
using this product should design the system with 
appropriate 
error detection and correction, 
redundancy and back-up features to prevent such an occurrence. 


Xicor's products are not authorized for use as critical components 
in life support devices or systems. 
1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain life, 


and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be reasonably expected 
to result in a significant injury to the user. 


2. A criticai component is any component of a life support device or system whose failure to perform can be reasonably expected to cause the failure 


of the life support device or system, or to affect its satety or effectiveness. 
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3.3 Volt, Byte Alterable E2PROM 


FEATURES 


• Low Vcc Operation: 
Vcc = 3.3V ±10% 


• Access Time: 150ns 
• Simple Byte and Page Write 
-Self-Timed 
-No 
Erase Before Write 
-No 
Complex 
Programming 
Algorithms 
-No 
Overerase 
Problem 


• Low Power CMOS: 
-Active: 
25mA 
-Standby: 
150llA 
• Software 
Data Protection 
-Protects 
Data Against System 
Level 
Inadvertant 
Writes 


• High Speed Page Write Capability 
• Highly Reliable 
Direct Write™ Cell 
-Endurance: 
10,000 Write Cycles 
-Data 
Retention: 
100 Years 


• Early End of Write Detection 
-DATA 
Polling 
-Toggle 
Bit Polling 


• Two PLCC and LCC Pinouts 
-X28LC512 
-X28LC010 
E2PROM Pin Compatible 
-X28LC513 
-Compatible 
with Lower Density 
E2PROMs 


DESCRIPTION 


The X28LC512/513 
is a low-power 
64K x 8 E2PROM, 


fabricated 
with Xicor's 
proprietary, 
high 
performance, 
• 
floating 
gate 
CMOS 
technology. 
The 
X28LC512/513 


features the JEDEC approved 
pinout for bytewide 
memo- 


ries, compatible 
with industry 
standard 
EPROMS. 


The 
X28LC512/513 
supports 
a 128-byte 
page 
write 


operation, 
effectively 
providing 
a 391ls/byte 
write cycle 


and enabling 
the entire memory to be written in less than 


2.5 seconds. 
The X28LC512/513 
also features 
DATA 


Polling and Toggle 
Bit Polling, system 
software 
support 


schemes 
used to indicate the early completion 
of a write 


cycle. In addition, 
the X28LC512/513 
supports 
the Soft- 
ware Data Protection 
option. 


NC 
vcc 


NC 
WE 


A15 
NC 


A12 
A14 


A7 
A13 


A6 
AS 


AS 
Ag 


A4 
~1 


A3 
OE 


A2 
AlO 


A1 
CE 


Ao 
1/07 


1/00 
1/06 


1/01 
1/05 


1/02 
1/04 


vss 
1/03 


PLCC 


.f J~~~l~~ 


A7 
:::; ;.~ L~~~IJ ~~~.~L;:~:A14 
As 
::., 6 
' 
28<::". A13 


AS 
:::j 7 
27C. 
AS 


A4 
:;:~: 
X28LC512 
~~~~~: ~~1 


~~ 
:::;10 
(TOP VIEW) 
24~::· OE 


A, 
:::; 11 
23;::~ A10 
Ao 
'::J12 
22": 
IT 


1/00 
::;13 
151617 
18 1920 
;:" 
1/°7 


14;"": 
;--: ;.., r: r-, ;--: :--: 21 


PIN DESCRIPTIONS 


Addresses 
(Ao-A1S) 


The 
Address 
inputs 
select 
an 8-bit 
memory 
location 
during 
a read or write operation. 


Chip Enable 
(CE) 


The Chip Enable 
input must be LOW to enable all read/ 
write operations. 
When CE is HIGH, power consumption 
is reduced. 


Output 
Enable 
(OE) 


The Output Enable input controls the data output buffers 
and is used to initiate 
read operations. 


Data In/Data 
Out (1/00-1/07) 


Data 
is written 
to 
or 
read 
from 
the 
X28LC512/513 
through 
the I/O pins. 


Write 
Enable 
(WE) 


The Write Enable input controls 
the writing 
of data to the 
X28LC512/513. 


Symbol 
Description 


Ao-A1s 
Address 
Inputs 


1/00-1/07 
Data Input/Output 


WE 
Write 
Enable 


CE 
Chip Enable 


DE 
Output 
Enable 


Vcc 
3.3V ± 10% 


Vss 
Ground 


NC 
No Connect 


A~A" I 


X BUFFERS 
S12K-BIT 


LATCHES AND 
E2PROM 


DECODER 
ARRAY 
~~l 


Y BUFFERS 
I/O BUFFERS 


LATCHES AND 
AND LATCHES 


DECODER 


1/00-1/07 


DATA INPUTS/OUTPUTS 
CE 
CONTROL 
6E 
LOGIC AND 


WE 
TIMING 


VCC 
0- 


VSS 
0- 


3005 
ILL F01 


Read 


Read operations 
are initiated 
by both OE and CE LOW. 


The 
read operation 
is terminated 
by either 
CE or OE 


returning 
HIGH. This two line control 
architecture 
elimi- 


nates bus contention 
in a system environment. 
The data 


bus will be in a high impedance 
state when either OE or 
CE is HIGH. 


Write 


Write operations 
are initiated when both CE and WE are 


LOW 
and 
OE is HIGH. 
The X28LC512/513 
supports 


both a CE and WE controlled 
write cycle. 
That is, the 


address 
is latched by the falling edge of either CE or WE, 
whichever 
occurs 
last. 
Similarly, 
the 
data 
is latched 


internally 
by the rising edge of either CE or WE, which- 


ever occurs 
first. A byte write operation, 
once initiated, 
will automatically 
continue 
to completion, 
typically within 
5ms. 


Page Write 
Operation 


The page write feature 
of the X28LC512/513 
allows the 


entire memory 
to be written 
in 2.5 seconds. 
Page write 


allows two to one hundred 
twenty-eight 
bytes of data to 
be consecutively 
written 
to the X28LC512/513 
prior to 


the commencement 
of the internal 
programming 
cycle. 
The host can fetch data from another 
device within the 


system during a page write operation 
(change the sou rce 


address), 
but the 
page 
address 
(A7 through 
A1S) for 


each subsequent 
valid write cycle to the part during this 


operation 
must be the same as the initial page address. 


The page write 
mode can be initiated 
during 
any write 


operation. 
Following 
the initial byte write cycle, the host 


can 
write 
an additional 
one 
to one 
hundred 
twenty- 


seven 
bytes 
in the same 
manner 
as the first byte was 


written. 
Each successive 
byte load cycle, started by the 
WE HIGH to LOW transition, 
must begin within 1OOI1Sof 
the falling 
edge 
of the preceding 
WE. If a subsequent 
WE 
HIGH 
to 
LOW 
transition 
is not 
detected 
within 


100l1s, the internal 
automatic 
programming 
cycle 
will 


commence. 
There 
is no page write 
window 
limitation. 


Effectively 
the page write window 
is infinitely 
wide, 
so 


long as the host continues 
to access 
the device 
within 


the byte load cycle time of 100l1s. 


Write Operation 
Status 
Bits 


The X28LC512/513 
provides 
the user two write opera- 


tion status bits. These can be used to optimize 
a system 


write cycle time. 
The status 
bits are mapped 
onto the 


1/0 bus as shown 
in Figure 
1. 


Figure 
1. Status 
Bit Assignment 


RESERVED 
----TOGGLE 
BIT 


~-----DATA 
POLLING 


DATA 
Polling 
(1/07) 


The X28LC512/513features 
DATA Polling as a method 
to indicate to the host system that the byte write or page 
write cycle has completed. 
DATA Polling allows a simple 
bittest operation to determine the status of the X28LC5121 
513, eliminating 
additional 
interrupt 
inputs 
or external 


hardware. 
During the internal 
programming 
cycle, 
any 
attempt 
to read the last byte written 
will 
produce 
the 


complement 
of that data on 1/07 (i.e. write data = Oxxx 


xxxx, 
read data = 1xxx xxxx). 
Once 
the programming 


cycle is complete, 
1/07 will reflect true data. 


Toggle 
Bit (1/06) 


The X28LC512/513 
also provides 
another 
method 
for 


determining 
when the internal 
write cycle 
is complete. 


During the internal 
programming 
cycle, 
1/06 will toggle 
from HIGH to LOW and LOW to HIGH on subsequent 
attempts 
to read the device. 
When the internal 
cycle is 


complete 
the toggling 
will cease 
and the device 
will be 


accessible 
for additional 
read or write operations. 


• 


DATA Polling V07 
Figure 2a. DATA Polling Bus Sequence 


LAST 


WE~ 


VOH 


X28LC512 


~READY 


DATA Polling can effectively halve the time for writing to 
the X28LC512/513. The timing diagram in Figure 2a 
illustrates the sequence of events on the bus. The 
software flow diagram in Figure 2b illustrates one method 
of implementing the routine. 


The Toggle 
Bit 1106 
Figure 
3a. Toggle 
Bit Bus Sequence 


LAST 


WE~ 


The Toggle Bit can eliminate 
the software 
housekeeping 


chore of saving 
and fetching 
the last address 
and data 
written to a device 
in order to implement 
DATA Polling. 


This can be especially 
helpful 
in an array comprised 
of 


multiple 
X28LC5121513 
memories 
that 
is frequently 


updated. 
Toggle 
Bit Polling can also provide 
a method 


for status checking 
in multiprocessor 
applications. 
The 


timing diagram 
in Figure 
3a illustrates 
the sequence 
of 


events on the bus. The software 
flow diagram 
in Figure 


3b illustrates 
a method 
for polling 
the Toggle 
Bit. 


COMPARE 
ACCUMWITH 
ADDR n 


• 


X28LC5121X28LC513 


HARDWARE DATA PROTECTION 


The X28LC512/513 
provides three hardware features 


that protect nonvolatile data from inadvertent writes. 


• Noise Protection-A 
WE pulse typically less than 


1Onswill not initiate a write cycle . 
• Write Inhibit-Holding 
either OE LOW, WE HIGH, 
or CE HIGH will prevent an inadvertent write cycle 
during power-up and power-down, maintaining data 
integrity. Write cycle timing specifications must be 
observed concurrently. 


SOFTWARE DATA PROTECTION 


The X28LC512/513 
offers a software controlled data 


protection feature. The X28LC512/513 
is shipped from 


Xicor with the software data protection NOT ENABLED; 
that is,the device will be in the standard operating mode. 
In this mode data should be protected during power-upl 
-down operations through the use of external circuits. 
The host would then have open read and write access 
of the device once Vcc was stable. 


The X28LC512/513 
can be automatically protected dur- 
ing power-up and power-down without the need for 


external circuits by employing the software data protec- 
tion feature. The internal software data protection circuit 
is enabled after the first write operation utilizing the 
software algorithm. This circuit is nonvolatile and will 
remain set for the life of the device unless the reset 
command is issued. 


Once the software protection isenabled, the X28LC5121 
513 is also protected from inadvertent and accidental 
writes in the powered-up state. That is, the software 
algorithm must be issued prior to writing additional data 
to the device. Note: The data in the three-byte enable 
sequence is not written to the memory array. 


SOFTWARE ALGORITHM 


Selecting the software data protection mode requires 
the host system to precede data write operations by a 
series of three write operations to three specific ad- 
dresses. Refer to Figure 4a and 4b for the sequence. 
The three byte sequence opens the page write window 
enabling the host to write from one to one hundred 
twenty-eight bytes of data. Once the page load cycle has 
been completed, the device will automatically be re- 
turned to the data protected state. 


Software Data Protection 
Figure 4a. Timing Sequence-Software 
Data Protect Enable Sequence followed by Byte or Page Write 


VCC 
ov 


BYTE 
OR 
PAGE 
• 


Figure 4b. Write Sequence for Software Data 
Protection 


WRITE DATAAO 
TO ADDRESS 
5555 


Regardless of whether the device has previously been 
protected or not, once the software data protected 
algorithm 
is used and data has been written, the 


X28LC512/513 
will automatically disable further writes 


unless another command is issued to cancel it. If no 
further commands are issued the X28LC512/513wili be 
write protected during power-down and after any subse- 
quent power-up. The state of A15 while executing the 
algorithm is don't care. 


Note: 
Once initiated, 
the sequence 
of write operations 


should 
not be interrupted. 


WRITE DATAAA 
TO ADDRESS 
5555 


WRITE 
DATA 55 
TO ADDRESS 
2AAA 


WRITE DATA xx 


TO ANY 


ADDRESS 
OPTIONAL 
BYTE/PAGE 
LOAD OPERATION 


WRITE 
LAST 
BYTE TO 
LAST ADDRESS 


AFTERtwc 
RE-ENTERS 
DATA 
PROTECTED 
STATE 


Resetting Software Data Protection 
Figure Sa. Reset Software Data Protection Timing Sequence 


Vee -{f 
J) 
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) 


STANDARD 
?twe 
OPERATING 
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f 
J 


Figure 5b. Software Sequence to Deactivate 
Software Data Protection 


WRITE DATAAA 


TO ADDRESS 


5555 


In the event the user wants to deactivate the software 
data protection feature for testing or reprogramming in 
an E2PROM programmer, the following six step algo- 
rithm will reset the internal protection circuit. After twe, 
the X28LC512/513 
will be in standard operating mode. 


Note: Once initiated, the sequence of write operations 


should not be interrupted. 
WRITE 
DATA 55 


TOADDRESS 
2AAA 


WRITE DATA 80 


TO ADDRESS 
5555 


WRITE DATAAA 
TO ADDRESS 
5555 


WRITE 
DATA 55 


TO ADDRESS 
2AAA 


SYSTEM CONSIDERATIONS 


Because the X28LC512J513 is frequently used in large 
memory arrays it is provided with a two line control 
architecture for both read and write operations. Proper 
usage can provide the lowest possible power dissipation 
and eliminate the possibility of contention where mul- 
tiple I/O pins share the same bus. 


To gain the most benefit it is recommended that CE be 
decoded from the address bus and be used as the 
primary device selection input. Both OE and WE would 
then be common among all devices in the array. For a 
read operation this assures that all deselected devices 
are in their standby mode and that only the selected 
device(s) is outputting data on the bus. 


Because the X28LC512/513 has two power modes, 
standby and active, proper decoupling of the memory 


Active Supply Current (Ice) 
Vs. Frequency and Temperature 


25 
Vcc = 3.3V 


20 


<' 


-55°C 


§. 
15 


Gl>~ 
10 
cr: 
0~ 


5 


0 


.01 0.10.20.5 
1 
2 
3 
4 
5 
6 
7 


Frequency (MHz) 


3005 
FHD 
F23.1 


array is of prime concern. Enabling CE will cause 
transient current spikes. The magnitude of these spikes 
is dependent on the output capacitive loading of the 1/ 
Os. Therefore, the larger the array sharing a common 
bus, the larger the transient spikes. The voltage peaks 
associated with the current transients can be sup- 
pressed by the proper selection and placement of 
decoupling capacitors. As a minimum, it is recom- 
mended that a 0.1J.l.Fhigh frequency ceramic capacitor 
be used between Vcc and VS8 at each device. Depend- 
ing on the size of the array, the value of the capacitor 
may have to be larger. 


In addition, it is recommended that a 4.7J.l.Felectrolytic 
• 
bulk capacitor be placed between Vcc and V88for each 
eight devices employed in the array. This bulk capacitor 
is employed to overcome the voltage droop caused by 
the inductive effects of the PC board traces. 


ABSOLUTE MAXIMUM RATINGS· 
Temperature 
under 
Bias 
X28LC512/513 
-10°C 
to +85°C 
X28LC51211X28LC5131 
-65°C 
to +135°C 


Storage 
Temperature 
-65°C 
to +150°C 


Voltage 
on any Pin with 
Respect 
to VSS 
-1 V to +7V 


D.C. Output 
Current 
5mA 


Lead Temperature 


(Soldering, 
10 seconds) 
300°C 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


·COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 


indicated in the operational 
sections of this specification 
is 


not implied. Exposure to absolute 
maximum 
rating condi- 


tions for extended 
periods 
may affect device 
reliability. 


Supply Voltage 


X28LC512/513 


Limits 


3.3V ±10% 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Ice 
Vee Current 
(Active) 
25 
mA 
CE = OE = VIL, WE = V1H, 


(TTL Inputs) 
All 110's = Open, 
Address 
Inputs = 
0.1xVec!0.9xVee 
Levels 


@ f= 
5MHz 


IS8 
Vee Current 
(Standby) 
150 
llA 
OE = VIL, CE = Vee - 0.3V 
(CMOS 
Inputs) 
AIIIIO's 
= Open, Other Inputs = Vee 


III 
Input Leakage 
Current 
10 
llA 
V1N = Vss to Vee 


ILO 
Output 
Leakage 
Current 
10 
llA 
VOUT = Vss to Vee, CE = VIH 


VIL(1) 
Input LOW Voltage 
-1 
0.6 
V 


V1H(1) 
Input HIGH Voltage 
2 
Vec + 0.5 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL = 1mA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH = -2OO11A 


Symbol 
Parameter 
Max. 
Units 


tpUR(2) 
Power-up 
to Read 
Operation 
100 
J.ls 


tpUW(2) 
Power-up 
to Write 
Operation 
5 
ms 


Symbol 
Parameter 
Max. 
Units 
Test Conditions 


CI/O<2) 
InpuVOutput 
Capacitance 
10 
pF 
VI/a = OV 


CIN(2) 
Input 
Capacitance 
10 
pF 
VIN= 
OV 


Parameter 
Min. 
Max. 
Units 


Endurance 
10,000 
Cycles 
per Byte 


Data 
Retention 
100 
Years 


Input 
Pulse 
Levels 
OV to 3V 


Input 
Rise 
and 


Fall Times 
10ns 


Input 
and 
Output 


Timing 
Levels 
1.5V 


1 


30PF 


CE 
DE 
WE 
Mode 
I/O 
Power 


L 
L 
H 
Read 
DOUT 
Active 


L 
H 
L 
Write 
DIN 
Active 


H 
X 
X 
Standby 
and 
High 
Z 
Standby 


Write 
Inhibit 


X 
L 
X 
Write 
Inhibit 
- 
- 


X 
X 
H 
Write 
Inhibit 
- 
- 


SYMBOL TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 


-IllT 


May change 
Will change 
from LOW 
from LOW 
to HIGH 
toHIGH 


~ 


May change 
Will change 


from HIGH 
from HIGH 


to LOW 
to LOW 


XXXX 


Don't Care: 
Changing: 


Changes 
State Not 


Allowed 
Known 
H 


N/A 
Center Line 
is High 
Impedance 


• 


A.C. CHARACTERISTICS 
(Over 
the 
recommended 
operating 
conditions, 
unless 
otherwise 
specified.) 


Read Cycle Limits 


X28LC512-15 
X28LC512-20 
X28LC512-25 


X28LC513-15 
X28LC513-20 
X28LC513-25 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tRC 
Read 
Cycle 
Time 
150 
200 
250 
ns 


tCE 
Chip 
Enable 
Access 
Time 
150 
200 
250 
ns 


tAA 
Address 
Access 
Time 
150 
200 
250 
ns 


tOE 
Output 
Enable 
Access 
Time 
80 
80 
80 
ns 


tLZ(3) 
CE LOW 
to Active 
Output 
0 
0 
0 
ns 


tOLZ(3) 
OE LOW 
to Active 
Output 
0 
0 
0 
ns 


tHZ(3) 
CE HIGH 
to High Z Output 
50 
50 
50 
ns 


tOHZ(3) 
OE HIGH 
to High Z Output 
50 
50 
50 
ns 


tOH 
Output 
Hold 
from 
0 
0 
0 
ns 


Address 
Change 


Notes: 
(3) tLZ min.. tHz.IoLZ min.. and tOHZ are periodically sampled and not 100% tested. tHZmax. and tOHZmax. are measured. with 
CL ; 5pF from the point when CE or OE return HIGH (whichever occurs first) to the time when the outputs are no longer driven. 


Symbol 
Parameter 
Min. 
Max. 
Units 


twd4) 
Write Cycle Time 
5 
ms 


tAS 
Address 
Setup Time 
0 
ns 


tAH 
Address 
Hold Time 
50 
ns 


tcs 
Write Setup Time 
0 
ns 


tCH 
Write 
Hold Time 
0 
ns 


tcw 
CE Pulse Width 
100 
ns 


tOES 
OE HIGH Setup Time 
10 
ns 


tOEH 
OE HIGH Hold Time 
10 
ns 


twP 
WE Pulse Width 
100 
ns 


tWPH 
WE HIGH Recovery 
100 
ns 


tov 
Data Valid 
1 
~s 


tos 
Data Setup 
50 
ns 


tOH 
Data Hold 
10 
ns 


tow 
Delay to Next Write 
10 
~s 


tSLC 
Byte Load Cycle 
0.20 
100 
~s -- 


OATAVALIO 


tos 


OATAOUT XXXXXXXX>--------H-IG-H-Z 
---------- 


Noles: 
(4) 
twe is the minimum cycle time to be allowed from the system perspective unless polling techniques are used. It is the maximum time 
the device requires to complete the internal write operation. 


F///A 
- 


DATA VALID 


tDS 


HIGHZ 


0//0 
'<lllJ '<lllJ YJ1ZJ '<lllJ '<lllJ vmr 


!117A !117A Of]ZA !117A !117A tJ:i 


_x'-----'x~_~x'____ 


I/O XXXXXxxx=x~~X 
BYTE 0 


Notes: 
(5) 
Between successive byte writes within a page write operation, OE can be strobed LOW: e.g. this can be done with CE and WE HIGH 
to fetch data from another memory device within the system for the next write; or with WE HIGH and CE LOW effectively performing 
a polling operation. 
(6) The timings shown above are unique to page write operations. 
Individual byte load operations within the page write must conform 


to either the CE or WE controlled write cycle timing. 


X28LC5121X28LC513 


DATA 
Polling 
Timing 
Diagram(7) 


ADDRESS 
An 
'tlllX 
An 
'tl1tlX 
An 
YXiJllX 


CE 


WE 


'oEH 
toES 


OE 
• 
1/°7 
D1WX 
DOUT=X 
[ 
) 
) 


'WC 


3005 
ILL F09 


X28LC512 
x 
_T 


x 
-x 
L Access Time 
-15 = 150ns 
-20 = 200ns 
-25 = 250ns 


Temperature 
Range 


Blank = Commercial = O°Cto +70°C 
I = Industrial = -40°C to +85°C 


X28LC513 
_T 


-xL 


Package 
D = 32-Lead CerDip 
J = 32-Lead PLCC 
P = 32-Lead Plastic Dip 
T = 40-Lead TSOP 


Access Time 
-15 = 150ns 
-20 = 200ns 
-25 = 250ns 


Temperature 
Range 
Blank = Commercial = O°Cto +70°C 
I = Industrial = -40°C to +85°C 


Package 
J = 32-Lead PLCC 


LIMITED WARRANTY 
Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification 
provisions appearing in its Terms of Sale only. Xicor, Inc. makes 
no warranty, 
express, statutory, implied, or by description 
regarding the information set forth herein or regarding the freedom of the described 
devices from patent infringement. 
Xicor, Inc. makes no warranty of merchantability 
or fitness tor any purpose. Xicor, Inc. reserves the right to 


discontinue 
production 
and change specifications 
and prices at any time and without notice. 


Xicor, Inc. assumes no responsibility 
for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product. No other circuits, patents, 


licenses are implied. 


US. PATENTS 
Xicor products are covered by one or more of the following U.S. Patents: 4,263,664; 4,274,012; 4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 4,450,402; 4,486,769; 4,488,060; 4,520,461; 4,533,846; 4,599,706; 4,617,652; 4,668,932; 4,752,912; 4,829,482; 4,874,967; 4,883,976. 
Foreign patents and additional 
patents pending. 


LIFE RELATED 
POLICY 
In situations 
where semiconductor 
component 
failure may endanger life, system designers 
using this product should design the system with 


appropriate 
error detection and correction, 
redundancy and back-up features to prevent such an occurrence. 


Xicor's products are not authorized for use as critical components 
in life support devices or systems. 


1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain life, 


and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be reasonably expected 
to result in a significant injury to the user. 


2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to cause the failure 


of the life support device or system, or to affect its satety or effectiveness. 


• Access Time: 120ns 
• Simple Byte and PageWrite 
-Single 
5V Supply 
-No 
External High Voltagesor VppControl Circuits 
-Self-Timed 
-No 
Erase Before Write 
-No 
Complex Programming Algorithms 
-No 
Overerase Problem 
• Low Power CMOS: 
-Active: 
50mA 


-Standby: 
500JlA 
• Software Data Protection 
-Protects 
Data Against System Level 
Inadvertant Writes 
• High Speed Page Write Capability 
• Highly Reliable Direct Write™ Cell 
-Endurance: 
10,000Write Cycles 
-Data 
Retention: 100 Years 
• Early End of Write Detection 
-DATA 
Polling 
-Toggle 
Bit Polling 


DESCRIPTION 


The Xicor X28C01 0 is a 128K x 8 E2PROM, 
fabricated 
with Xicor's proprietary, 
high performance, 
floating 
gate 
CMOS 
technology. 
Like all Xicor 
programmable 
non- 
volatile memories 
the X28C01 0 is a 5V only device. The 
X28C010 
features 
the JEDEC 
approved 
pinout for byte- 


wide 
memories, 
compatible 
with 
industry 
standard 
EPROMs. 


The X28C01 0 supports 
a 256-byte 
page write operation, 
• 
effectively 
providing 
a 1911s/byte write 
cycle 
and 
en- 
abling the entire 
memory 
to be typically 
written 
in less 
than 2.5 seconds. 
The X28C010 
also features 
DATA 
Polling and Toggle 
Bit Polling, 
system 
software 
support 
schemes 
used to indicate the early completion 
of a write 
cycle. In addition, 
the X28C01 0 supports 
Software 
Data 
Protection 
option. 


Xicor 
E2PROMs 
are designed 
and tested 
for applica- 
tions 
requiring 
extended 
endurance. 
Data 
retention 
is 
specified 
to be greater 
than 100 years. 
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PIN DESCRIPTIONS 


Addresses 
(Ao-A16) 


The 
Address 
inputs 
select 
an 8-bit 
memory 
location 


during 
a read or write operation. 


Chip Enable 
(CE) 


The Chip Enable 
input must be LOW to enable all read/ 
write operations. 
When CE is HIGH, power consumption 


is reduced. 


Output 
Enable 
(OE) 


The Output 
Enable input controls 
the data output buffers 
and is used to initiate 
read operations. 


Data In/Data 
Out (1/00-1/07) 


Data is written to or read from the X28C01 0 through 
the 
I/O pins. 


Write 
Enable 
(WE) 


The Write Enable input controls 
the writing of data to the 


X28C010. 


X BUFFERS 


LATCHES AND 
DECODER 


Y BUFFERS 


LATCHES AND 
DECODER 


CONTROL 
LOGIC AND 
TIMING 


VCC0-- 
Vss0-- 


Symbol 
Description 


Ao-A16 
Address 
Inputs 


1/00-1/07 
Data InpuVOutput 


WE 
Write 
Enable 


CE 
Chip Enable 


OE 
Output 
Enable 
Vcc 
+SV 
Vss 
Ground 


NC 
No Connect 


@' @" 
@uo, @' @IJO, 


@' 
@'o 
vo, 
Vss 
V04 
~ 
CE 
@@§@@ 


A, 
A3 
AlO 
OE 


@ 
@ 
® 
® 


@4 0' 


X28C010 
@"@' 
(BOTTOM 
VIEW) 


0"" 


A, 
A, @13 
CD 
@ 
0" (5)15d)C ®CC®C ®C @14 


A16 
NC 
NC 
WE 
NC 
008@@ 


1M-BIT 
E2PROM 
ARRAY 


DEVICE OPERATION 


Read 


Read operations 
are initiated 
by both OE and CE LOW. 


The 
read operation 
is terminated 
by either 
CE or OE 
returning 
HIGH. This two line control 
architecture 
elimi- 


nates bus contention 
in a system environment. 
The data 


bus will be in a high impedance 
state when either OE or 


CE is HIGH. 


Write 


Write operations 
are initiated when both CE and WE are 


LOW and OE is HIGH. The X28C010 
supports 
both a 


CE and WE controlled 
write cycle. That is, the address 


is latched by the falling edge of either CE or WE, which- 
ever occurs last. Similarly, the data is latched internally by 
the rising edge of either CE orWE, whichever 
occurs first. 


A byte write operation, 
once initiated, 
will automatically 


continue 
to completion, 
typically 
within 5ms. 


Page Write Operation 


The page write feature 
of the X28C01 0 allows the entire 


rnemory 
to be written 
in 5 seconds. 
Page write allows 


two to two hundred 
fifty-six 
bytes of data to be consecu- 


tively 
written 
to the X28C010 
prior to the commence- 


ment of the internal 
programming 
cycle. The host can 


fetch data from another 
device within the system during 


a page write operation 
(change the source address), 
but 


the page address 
(As through 
A16) for each subsequent 


valid write cycle to the part during this operation 
must be 


the same as the initial page address. 


The page write 
mode can be initiated 
during 
any write 


operation. 
Following 
the initial byte write cycle, the host 


can write an additional 
one to two hundred fifty six bytes 


in the same 
manner 
as the first byte was written. 
Each 


successive 
byte load cycle, 
started 
by the WE HIGH to 


LOW transition, 
must begin within 
100/ols of the falling 


edge of the preceding 
WE. If a subsequent 
WE HIGH to 


LOW transition 
is not detected 
within 1OO/olS,the internal 


automatic 
programming 
cycle will commence. 
There 
is 


no page 
write 
window 
limitation. 
Effectively 
the page 


write 
window 
is infinitely 
wide, 
so 
long 
as the 
host 


continues 
to access the device within the byte load cycle 


time of 100/ols. 


Write Operation Status Bits 


The 
X28C010 
provides 
the 
user two 
write 
operation 


status 
bits. These 
can be used to optimize 
a system 


write 
cycle time. 
The status 
bits are mapped 
onto the 


I/O bus as shown 
in Figure 
1. 


RESERVED 


----TOGGLE 
BIT 


~-----DATA 
POLLING 


DATA Polling (1/07) 


The X28C010 
features 
DATA 
Polling 
as a method 
to 


indicate 
to the host system 
that the byte write 
or page 


write cycle has completed. 
DATA Polling allows a simple 


bit test operation 
to determine 
the status ofthe X28C01 0, 


eliminating 
additional 
interrupt 
inputs or external 
hard- 
ware. 
During 
the internal 
programming 
cycle, 
any at- 


tempt 
to 
read 
the 
last 
byte 
written 
will 
produce 
the 


complement 
of that data on 1/07 (Le., write data = Oxxx 


xxxx, 
read data = 1xxx xxxx). 
Once 
the programming 


cycle is complete, 
1/07 will reflect true data. Note: If the 


X28C010 
is in the protected 
state 
and an illegal 
write 


operation 
is attempted 
DATA Polling 
will not operate. 


Toggle Bit (1/06) 


The X28C010 
also provides 
another 
method 
for deter- 


mining when the internal write cycle is complete. 
During 


the 
internal 
programming 
cycle, 
1/06 will toggle 
from 


HIGH 
to LOW 
and 
LOW 
to HIGH 
on subsequent 
at- 


tempts 
to read the device. 
When 
the internal 
cycle 
is 


complete 
the toggling 
will cease 
and the device 
will be 


accessible 
for additional 
read or write operations. 


• 


DATA Polling 1/07 
Figure 2. DATA Polling Bus Sequence 


LAST 


WE~ 


VOH 


X28C010 
READY 


OAT A Polling can effectively 
halve the time for writing to 


the X28C01 O. The timing diagram 
in Figure 2 illustrates 


the sequence 
of events 
on the bus. The software 
flow 
diagram 
in Figure 3 illustrates 
one method of implement- 


ing the routine. 


The Toggle 
Bit 1/06 
Figure 
4. Toggle 
Bit Bus Sequence 


LAST 


WE~ 


The Toggle Bitcan eliminate 
the software 
housekeeping 
chore of saving and fetching 
the last address 
and data 


written to a device 
in order to implement 
DATA Polling. 


This can be especially 
helpful 
in an array comprised 
of 


multiple 
X28C01 0 memories 
that is frequently 
updated. 


Toggle 
Bit Polling can also provide 
a method 
for status 


checking 
in multiprocessor 
applications. 
The 
timing 


diagram 
in Figure 4 illustrates 
the sequence 
of events on 


the bus. The software 
flow diagram 
in Figure 5 illustrates 


a method 
for polling the Toggle 
Bit. 


COMPARE 
ACCUMWITH 
ADDR n 


-- 


HARDWARE 
DATA 
PROTECTION 


The X28C010 provides three hardware features that 
protect nonvolatile data from inadvertent writes. 


• 
Noise Protection-A 
WE pulse lessthan 1Onswill not 
initiate a write cycle. 


• 
Default Vcc Sense-All 
functions are inhibited when 


Vcc is ~3.5V. 


• 
Write inhibit-Holding 
either OE LOW, WE HIGH, or 


CE HIGH will prevent an inadvertent write cycle 
during power-up and power-down, maintaining data 
integrity. 


SOFTWARE 
DATA 
PROTECTION 


The X28C010 offers a software controlled data protec- 
tion feature. The X28C010 isshipped from Xicorwith the 
software data protection NOT ENABLED: that is the 
device will be in the standard operating mode. In this 
mode data should be protected during power-up/-down 
operations through the use of external circuits. The host 
would then have open read and write access of the 
device once Vcc was stable. 


The X28C010 can be automatically protected during 
power-up and power-down without the need for external 
circuits by employing the software data protection fea- 
ture. The internal software data protection circuit is 
enabled after the first write operation utilizing the soft- 
ware algorithm. This circuit is nonvolatile and will remain 
set for the life of the device unless the reset command 
is issued. 


Once the software protection is enabled, the X28C010 
is also protected from inadvertent and accidental writes 
in the powered-up state. That is, the software algorithm 
must be issued prior to writing additional data to the 
device. 


SOFTWARE 
ALGORITHM 


Selecting the software data protection mode requires 
the host system to precede data write operations by a 
series of three write operations to three specific ad- 
dresses. Refer to Figures 6 and 7 for the sequence. The 
three byte sequence opens the page write window 
enabling the host to write from one to two hundred fifty- 
six bytes of data. Once the page load cycle has been 
completed, the device will automatically be returned to 
the data protected state. 


Software Data Protection 
Figure 6. Timing Sequence-Byte 
or Page Write 


Vcc 


OV 


BYTE 
OR 
PAGE 


Figure 7. Write Sequence for 
Software Data Protection 


WRITE DATAAA 
TO ADDRESS 


5555 


Regardless of whether the device has previously been 
protected or not, once the software data protection 
algorithm isusedand data has beenwritten, the X28C010 
will automatically disable further writes unless another 
command is issued to cancel it. If no further commands 
are issued the X28C010 will be write protected during 
power-down and after any subsequent power-up. The 
state of A15 and A16 while executing the algorithm is 
don't care. 


WRITE 
DATA 55 


TO ADDRESS 
2AAA 


WRITE DATAAO 


TO ADDRESS 
5555 


Note: 
Once initiated, 
the sequence 
of write operations 


should 
not be interrupted. 


WRITE DATA xx 


TO ANY 
ADDRESS 
OPTIONAL 
BYTE/PAGE 
LOAD OPERATION 
• 
WRITE 
LAST 
BYTE TO 


LAST ADDRESS 


--------- -l- --- .. -.-- 


AFTERtwc 


RE-ENTERS 
DATA 
PROTECTED 
STATE 


• 


Resetting Software Data Protection 
Figure 8. Reset Software Data Protection Timing Sequence 


vee -{')) 
':=t 


) 


STANDARD 
~twe 
OPERATING 
MODE 
, 
J 


Figure 9. Software Sequence to Deactivate 
Software Data Protection 


WRITE DATAAA 
TO ADDRESS 


5555 


1 


WRITE 
DATA 55 
TO ADDRESS 


2AAA 
! 


WRITE DATA 80 


TO ADDRESS 


5555 


1 


WRITE DATAAA 


TO ADDRESS 
5555 
! 


WRITE 
DATA 55 


TO ADDRESS 
2AAA 


1 


WRITE 
DATA 20 


TO ADDRESS 


5555 


In the event the user wants to deactivate the software 
data protection feature for testing or reprogramming in 
an E2PROM programmer, the following six step algo- 
rithm will reset the internal protection circuit. After twe. 
the X28C010 
will be in standard operating mode. 


Note: Once initiated. the sequence of write operations 


should not be interrupted. 


SYSTEM 
CONSIDERATIONS 


Because the X28C01 0 is frequently 
used in large memory 


arrays 
it is provided 
with a two line control 
architecture 


for both 
read and write 
operations. 
Proper 
usage 
can 


provide the lowest possible 
power dissipation 
and elimi- 


nate the possibility 
of contention 
where multiple 
I/O pins 


share the same 
bus. 


To gain the most benefit 
it is recommended 
that CE be 


decoded 
from 
the 
address 
bus 
and 
be used 
as the 


primary 
device 
selection 
input. Both OE and WE would 


then be common 
among 
all devices 
in the array. 
For a 


read operation 
this assures 
that all deselected 
devices 


are in their 
standby 
mode 
and that only the selected 


device(s) 
is outputting 
data on the bus. 


Because 
the X28C01 0 has two power 
modes, 
standby 


and active, 
proper decoupling 
of the memory 
array is of 


prime concern. 
Enabling 
CE will cause transient 
current 


spikes. The magnitude 
of these spikes 
is dependent 
on 


the output capacitive 
loading 
of the I/Os. Therefore, 
the 


larger the array sharing 
a common 
bus, the larger the 


transient 
spikes. The voltage 
peaks associated 
with the 


current 
transients 
can 
be suppressed 
by the 
proper 


selection 
and placement 
of decoupling 
capacitors. 
As a 


minimum, 
it is recommended 
that 
a O.1IlF 
high 
fre- 


quency 
ceramic 
capacitor 
be used 
between 
Vcc 
and 


Vss at each device. 
Depending 
on the size of the array, 


the value of the capacitor 
may have to be larger. 


In addition, 
it is recommended 
that a 4.71lF electrolytic 
• 
bulk capacitor 
be placed between 
Vcc and V88 for each 


eight devices employed 
in the array. This bulk capacitor 


is employed 
to overcome 
the voltage 
droop 
caused 
by 


the inductive 
effects 
of the PC board traces. 


ABSOLUTE MAXIMUM RATINGS· 
Temperature 
under 
Bias 
X28C010 
-10°C 
to +85°C 
X28C01 01 
-65°C 
to + 135°C 
X28C010M 
-65°C 
to + 135°C 
Storage 
Temperature 
-65°C 
to +150°C 
Voltage 
on any Pin with 
Respect 
to VSS 
-1V 
to +7V 
D.C. Output 
Current 
5mA 
Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


·COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 
indicated in the operational 
sections of this specification 
is 
not implied. Exposure to absolute 
maximum 
rating condi- 


tions for extended 
periods 
may affect device 
reliability. 


Supply Voltage 


X28C010 


Limits 


5V±10% 


3858 
PGM 
T03 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Ice 
Vee Current 
(Active) 
50 
mA 
CE = OE = VIL, WE = VIH, 


(TTL Inputs) 
All I/O's = Open, 
Address 
Inputs = 


.4V/2.4V 
Levels 
@ f = 5MHz 


ISBl 
Vee Current 
(Standby) 
3 
mA 
CE = VIH, OE = VIL 
(TTL Inputs) 
All I/O's = Open, Other Inputs = VIH 


ISB2 
Vee Current 
(Standby) 
500 
).LA 
CE = Vee - 0.3V, OE = VIL 
(CMOS 
Inputs) 
All I/O's = Open, Other Inputs = Vee 


III 
Input Leakage 
Current 
10 
JlA 
VIN = Vss to Vee 


ILO 
Output 
Leakage 
Current 
10 
JlA 
VOUT = Vss to Vee, CE = VIH 
VIL(l) 
Input LOW Voltage 
-1 
0.8 
V 


V1H(1) 
Input HIGH Voltage 
2 
Vee + 1 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL = 2.1mA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH = -400JlA 


Symbol 
Parameter 
Max. 
Units 


tpUR(2) 
Power-up 
to Read 
Operation 
100 
J.l.s 


tpUW(2) 
Power-up 
to Write 
Operation 
5 
ms 


Symbol 
Parameter 
Max. 
Units 
Test Conditions 


CI/O(2) 
Input/Output 
Capacitance 
10 
pF 
VI/O =OV 


CIN(2) 
Input 
Capacitance 
10 
pF 
VIN= 
OV • 
Parameter 
Min. 
Max. 
Units 


Endurance 
10,000 
Cycles 
per Byte 


Data 
Retention 
100 
Years 


Input 
Pulse 
Levels 
OV to 3V 


Input 
Rise 
and 


Fall Times 
10ns 


Input 
and 
Output 


Timing 
Levels 
1.5V 


CE 
OE 
WE 
Mode 
1/0 
Power 


L 
L 
H 
Read 
DOUT 
Active 


L 
H 
L 
Write 
DIN 
Active 


H 
X 
X 
Standby 
and 
High 
Z 
Standby 


Write 
Inhibit 


X 
L 
X 
Write 
Inhibit 
- 
- 


X 
X 
H 
Write 
Inhibit 
- 
- 


3858 
PGMTOB 


SYMBOL TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 
JZr 


May change 
Will change 
from LOW 
from LOW 
to HIGH 
to HIGH 


~ 


May change 
Will change 
from HIGH 
from HIGH 
to LOW 
to LOW 


XXXX 


Don't Care: 
Changing: 
Changes 
State Not 


Allowed 
Known 
H 


N/A 
Center Line 
is High 
Impedance 


I100PF 


A.C. CHARACTERISTICS 
(Over 
the 
recommended 
operating 
conditions, 
unless 
otherwise 
specified.) 


Read Cycle Limits 


X28C010-12 
X28C010-15 
X28C010-20 
X28C010-25 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tRC 
Read 
Cycle 
Time 
120 
150 
200 
250 
ns 


tCE 
Chip 
Enable 
Access 
Time 
120 
150 
200 
250 
ns 


tAA 
Address 
Access 
Time 
120 
150 
200 
250 
ns 


tOE 
Output 
Enable 
Access 
Time 
50 
50 
50 
50 
ns 


tLZ(3) 
CE LOW 
to Active 
Output 
0 
0 
0 
0 
ns 


tOLZ(3) 
OE LOW 
to Active 
Output 
0 
0 
0 
0 
ns 


tHZ(3) 
CE HIGH to High Z Output 
50 
50 
50 
50 
ns 


tOHZ(3) 
OE HIGH to High Z Output 
50 
50 
50 
50 
ns 


tOH 
Output 
Hold 
from 
0 
0 
0 
0 
ns 


Address 
Change 


Note: 
(3) tLZmin.,tHZ.tOLZmin., and 10HZare periodically sampled and not 100% tested. tHZmax. and 10HZmax. are measured, with CL = 
5pF, from the point when CE or OE return HIGH (whichever occurs first) to the time when the outputs are no longer driven. 


Symbol 
Parameter 
Min. 
Max. 
Units 


twC(4) 
Write Cycle Time 
10 
ms 


tAS 
Address 
Setup Time 
0 
ns 


tAH 
Address 
Hold Time 
50 
ns 


tcs 
Write Setup Time 
0 
ns 


tCH 
Write 
Hold Time 
0 
ns 


tcw 
CE Pulse Width 
100 
ns 


tOES 
OE HIGH Setup Time 
10 
ns 


tOEH 
OE HIGH Hold Time 
10 
ns 


twP 
WE Pulse Width 
100 
ns 


tWPH 
WE HIGH Recovery 
100 
ns 


tov 
Data Valid 
1 
Ils 


tos 
Data Setup 
50 
ns 


tOH 
Data Hold 
10 
ns 


tow 
Delay to Next Write 
10 
JlS 


tSLC 
Byte Load Cycle 
0.2 
100 
JlS • 


~XXXXXY»- 
.) 


DATA OUT VVVVVVVV\------------------------------- 
~ 
HIGHZ 


Notes: 
(4) 
twe is the minimum cycle time to be allowed from the system perspective unless polling techniques 
are used. 
It is the maximum 


time the device requires to complete internal write operation. 


rllllA 
, 


DATA VALID 


tos 


HIGHZ 


fYIxxxxxx> 
, 


111111 
YJ1lJ YJ1lJ YJ1LJ YJ1lJ YJ1lJ '@r 


[[11A [[11A !7/J1A [[11A [[11A tlf 


I/O YXK'~_X 
'i 


BYTE 0 
BYTE 1 
BYTE 2 


Notes: 
(5) 
Between successive 
byte writes within a page write operation, OE can be strobed LOW: e.g. this can be done with CE and WE 
HIGH to fetch data from another memory deVice within the system for the next write; or with WE HIGH and CE LOW effectively 
pertorming 
a polling operation. 


(6) The timings shown above are unique to page write operations. 
individual byte load operations within the page write must 


conform to either the CE or WE controlled write cycle timing. 


• 


X28C010 
_T 


-xL Access 
Time 
-12 
= 120ns 
-15 
= 150ns 
-20 = 200ns 
-25 = 250ns 


Temperature 
Range 
Blank = Commercial 
= O°C to +70°C 
I = Industrial 
= -40°C 
to +85°C 


M = Military = -55°C 
to +125°C 


MB = MIL·STD·883 


Package 
D = 32-Lead 
Cerdip 
E = 32·Pad 
LCC 
F = 32·Lead 
Flat Pack 
G = 32-Pad 
Frit Seal LCC 
J = 32·Lead 
PLCC 
K = 36·Lead 
Pin Grid Array 
R = 32·Lead 
Hermetic 
SOIC (Gull Wing) 


N = 32·Lead 
Extended 
LCC 
T = 40·Lead 
TSOP 


LIMITED WARRANTY 


Devices 
sold by Xicor, 
Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms of Sale only. Xicor, Inc. makes 
no warranty, 
express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent 
infringement. 


Xicor, Inc. makes no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 
prices at any time and without 
notice. 


Xicor, Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4,263.664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 


4.450,402; 
4.486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4.599.706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874,967; 
4,883,976. 
Foreign 
patents 
and 
additional 
patents pending. 


LIFE RELATED 
POLICY 
In situations 
where 
semiconductor 
component 
failure may endanger 
life. system deSigners 
uSing this product should design the system 
with appropriate 
error 


detection 
and correction, 
redundancy 
and back-Up features 
to prevent such an occurence. 


Xicor's products 
are not authorized 
for use in critical components 
in life support devices 
or systems. 
1. Ufe support 
devices 
or systems 
are devices 
or systems 
which, (a) are intended 
for surgical 
implant into the body. or (b) support 
or sustain 
life, and whose 
failure to perform, 
when properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 
injury to the user. 


2. A critical component 
is any component 
of a life support 
device or system whose failure to perform 
can be reasonably 
expected 
to cause the failure 
of the life 


support 
device or system, 
or to affect its safety or effectiveness. 


icor 
® 


FEATURES 


• 170°CFull Functionality 
• Simple Byte and PageWrite 
-Single 
5V Supply 
-Self-Timed 
-No 
Erase Before Write 
-No 
Complex Programming Algorithms 
-No 
Overerase Problem 


• Highly Reliable Direct Write™ Cell 
-Endurance: 
10,000Write Cycles 
-Data 
Retention: 100Years 
-Higher 
Temperature Functionality is Possible 
by Operating in the Byte Mode. 


DESCRIPTION 


The Xicor X28HT01 0 is a 128K x 8 E2PROM, 
fabricated 
with Xicor's proprietary, 
high performance, 
floating 
gate 
CMOS technology 
which provides 
Xicor products 
supe- 
rior high temperature 
performance 
characteristics. 
Like 


all 
Xicor 
programmable 
non-volatile 
memories 
the 
X28HT010 
is a 5V only device. The X28HT01 0 features 
the JEDEC 
approved 
pinout 
for byte-wide 
memories, 


compatible 
with industry 
standard 
EPROMs. 


The X28HT010 
supports 
a 256-byte 
page write opera- 
tion, effectively 
providing 
a 19l1s/byte 
write 
cycle 
and 
enabling 
the entire memory 
to be typically 
written 
in less 
than 2.5 seconds. 


Xicor 
E2PROMs 
are designed 
and tested 
for applica- 


tions 
requiring 
extended 
endurance. 
Data 
retention 
is 
specified 
to be greater 
than 100 years. • 


FLAT PACK 
CERDIP 


vss 
1 
32 
VCC 
PGA 


A16 
2 
31 
WE 
1100 
1102 
1/03 
liDS 
liDS 


A15 
3 
30 
NC 
@@@@@ 


A12 
4 
29 
A14 
A1 
too 
1/01 
Vss 
1104 
1107 
CE 


A7 
5 
28 
A13 
@ 
@ 
@@@)@@ 


A6 
6 
27 
A8 
A2 
A3 
AlO 
5E 


A5 
7 
26 
A9 


@ 
® 
@ 
@ 


A4 
AS 
X28HT010 
A11 
Ag 


A4 
8 X28HT010 25 
An 
@ 0 
@ 
@ 


A3 
9 
24 
OE 
(BOTTOM 
VIEW) 


AS 
A7 
Aa 
A13 
A2 
10 
23 
A10 
® 
(j) 
@ 
@ 


A1 
11 
22 
CE 
A12 
A1S 
NC 
vcc 
NC 
NC 
A14 
AD 
12 
21 
1/°7 
® 
CD ® 
@ 
@ 
@ 
@ 


1/°0 
13 
20 
1/°6 
A16 
VBB 
NC 
WE 
NC 


1/°1 
14 
19 
1/°5 
8) 
CD 
CD 
@ 
@ 


1/°2 
15 
18 
1/°4 


6613FHDF21 


VSS 
16 
17 
1/°3 


Addresses 
(Ao-A16) 


The 
Address 
inputs 
select 
an 8-bit 
memory 
location 


during 
a read or write operation. 


Chip Enable 
(CE) 


The Chip Enable input must be LOW to enable all read/ 
write operations. 
When CE is HIGH, power consumption 
is reduced. 


Output 
Enable 
(OE) 


The Output 
Enable input controls 
the data output buffers 


and is used to initiate 
read operations. 


Data In/Data 
Out (1/00-1/07) 


Data is written to or read from the X28HT01 0 through the 
I/O pins. 


Write 
Enable 
(WE) 


The Write Enable input controls 
the writing of data to the 


X28HT010. 


Back Bias Voltage 
(Vss) 


It is required 
to provide 
-3V on pin 1. This 
negative 


voltage 
improves 
higher temperature 
functionality. 


Symbol 
Description 


Ao-A16 
Address 
Inputs 


1/00-1/07 
Data Input/Output 


WE 
Write 
Enable 


CE 
Chip Enable 


OE 
Output 
Enable 


VBB 
-3V 


Vcc 
+SV 


Vss 
Ground 


NC 
No Connect 


"-'"! 


X BUFFERS 
1M-BIT 
LATCHES AND 
E2PROM 
DECODER 
ARRAY 


~-" 
1 


I/O BUFFERS 


Y BUFFERS 
AND LATCHES 
LATCHES AND 
DECODER 


1/00-1/07 
DATA INPUTS/OUTPUTS 


CE 
CONTROL 


OE 
LOGIC AND 


WE 
TIMING 


VCC 
0-- 


VSS 
0-- 


6613 FHD F01 
VBB 
0-- 
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DEVICE 
OPERATION 


Read 


Read operations 
are initiated 
by both OE and CE LOW. 
The 
read operation 
is terminated 
by either 
CE or OE 


returning 
HIGH. This two line control 
architecture 
elimi- 


nates bus contention 
in a system environment. 
The data 


bus will be in a high impedance 
state when either OE or 


CE is HIGH. 


Write 


Write operations 
are initiated when both CE and WE are 


LOW and OE is HIGH. The X28HT010 
supports 
both a 


CE and WE controlled 
write cycle. That is, the address 


is latched 
by the 
falling 
edge 
of either 
CE 
or WE, 
whichever 
occurs 
last. 
Similarly, 
the 
data 
is latched 


internally 
by the rising edge of either CE or WE, which- 


ever occurs 
first. A byte write operation, 
once initiated, 
will automatically 
continue 
to completion, 
typically within 


5ms. 


Page Write 
Operation 


The 
page 
write 
feature 
of the 
X28HT010 
allows 
the 


entire 
memory 
to be written 
in 5 seconds. 
Page write 


allows 
two to two hundred 
fifty-six 
bytes of data to be 


consecutively 
written 
to the 
X28HT010 
prior 
to the 


commencement 
of the internal programming 
cycle. The 


host 
can 
fetch 
data 
from 
another 
device 
within 
the 


system during a page write operation 
(change the source 


address), 
but the 
page 
address 
(Aa through 
A16) for 


each subsequent 
valid write cycle to the part during this 


operation 
must be the same as the initial page address. 


The page write 
mode can be initiated 
during 
any write 


operation. 
Following 
the initial byte write cycle. the host 


can write an additional 
one to two hundred fifty-six bytes 


in the same 
manner 
as the first byte was written. 
Each 


successive 
byte load cycle, started 
by the WE HIGH to 


LOW transition, 
must begin within 
100flS of the falling 


edge of the preceding 
WE. If a subsequent 
WE HIGH to 
LOW transition 
is not detected 
within 1OOflS,the internal 


automatic 
programming 
cycle will commence. 
There 
is 


no page 
write 
window 
limitation. 
Effectively 
the page 


write 
window 
is infinitely 
wide, 
so 
long 
as the 
host 


continues 
to access the device within the byte load cycle 


time of 100flS. 


HARDWARE 
DATA 
PROTECTION 


The X28HT010 
provides 
three 
hardware 
features 
that 


protect 
nonvolatile 
data from inadvertent 
writes. 


• 
Noise Protection-A 
WE pulse less than 1Ons will not 


initiate 
a write cycle. 


• 
Default Vcc Sense-All 
functions 
are inhibited 
when 
Vcc 
is :O;3.4V. 


• 
Write inhibit-Holding 
either OE LOW, WE HIGH, or 


CE 
HIGH 
will 
prevent 
an 
inadvertent 
write 
cycle 


during 
power-up 
and power-down. 
maintaining 
data 


integrity. 


SYSTEM 
CONSIDERATIONS 


Because 
the 
X28HT010 
is frequently 
used 
in large 


memory 
arrays 
it is provided 
with 
a two 
line control 


architecture 
for both read and write operations. 
Proper 


usage can provide the lowest possible 
power dissipation 
3 


and eliminate 
the possibility 
of contention 
where 
mul- 


tiple I/O pins share the same bus. 


It has been 
demonstrated 
that 
markedly 
higher 
tem- 


perature 
performance 
can be obtained 
from this device 


if CE 
is left enabled 
throughout 
the 
read 
and 
write 


operation. 


To gain the most benefit 
it is recommended 
that CE be 


decoded 
from 
the 
address 
bus 
and 
be used 
as the 
primary 
device 
selection 
input. Both OE and WE would 


then be common 
among 
all devices 
in the array. 
For a 


read operation 
this assures 
that all deselected 
devices 


are in their standby 
mode 
and that only 
the selected 


device(s) 
is outputting 
data on the bus. 


Because 
the X28HT01 0 has two power modes, standby 


and active. proper decoupling 
of the memory 
array is of 


prime concern. 
Enabling 
CE will cause transient 
current 


spikes. The magnitude 
of these spikes 
is dependent 
on 


the output capacitive 
loading of the I/Os. Therefore. 
the 


larger the array sharing 
a common 
bus. the larger the 


transient 
spikes. The voltage 
peaks associated 
with the 


current 
transients 
can 
be suppressed 
by the 
proper 


selection 
and placement 
of decoupling 
capacitors. 
As a 


minimum, 
it is recommended 
that 
a 0.1 flF 
high 
fre- 


quency 
ceramic 
capacitor 
be used 
between 
Vcc 
and 


Vss 
at each device. 
Depending 
on the size of the array. 


the value of the capacitor 
may have to be larger. 


In addition. 
it is recommended 
that a 4.7flF 
electrolytic 


bulk capacitor 
be placed between 
Vcc and V ss for each 


eight devices 
employed 
in the array. This bulk capacitor 
is employed 
to overcome 
the voltage 
droop 
caused 
by 


the inductive 
effects 
of the PC board traces. 


ABSOLUTE MAXIMUM RATINGS· 
Temperature 
under 
Bias 
X28HT010 
-55°C 
to + 170°C 


Voltage 
on any Pin with 
Respect 
to Vss 
-1 V to +7V 


D.C. Output 
Current 
5mA 


Lead Temperature 


(Soldering, 
10 seconds) 
300°C 


Temperature 


High Temp. 


Min. 


-40°C 


Max. 


+170°C 


6613 
PGM 
T02.2 


·COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 


indicated in the operational 
sections of this specification 
is 


not implied. Exposure to absolute 
maximum 
rating condi- 


tions for extended 
periods 
may affect device 
reliability. 


Supply Voltages 
Limits 


X28HT010 
5V±5% 


Back Bias Voltage: 
v 
3V±10% 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Ice 
Vee Current 
(Active) 
50 
mA 
CE = OE = VIL, WE = VIH, 


(TTL Inputs) 
All I/O's = Open, Address 
Inputs = 


.4V/2.4V 
Levels 
@ f = 5MHz 


ISB1 
Vee Current 
(Standby) 
3 
mA 
CE = VIH, OE = VIL 


(TTL Inputs) 
All I/O's = Open, Other Inputs = VIH 


III 
Input Leakage 
Current 
20 
~A 
VIN = Vss to Vee 


ILO 
Output 
Leakage 
Current 
20 
~A 
VOUT = Vss to Vee, CE = VIH 
VIL(1j 
Input LOW Voltage 
-1 
0.6 
V 


VIH(1) 
Input HIGH Voltage 
2.2 
Vee + 1 
V 


VOL 
Output 
LOW Voltage 
0.5 
V 
IOL = 1mA 


VOH 
Output 
HIGH Voltage 
2.6 
V 
IOH = -400~A 


IBB 
Back Bias Current 
200 
~A 
VBB = 3V±10% 


Symbol 
Parameter 
Max. 
Units 


tpUR(2) 
Power-up 
to Read Operation 
100 
Ils 


tpUW(2) 
Power-up 
to Write Operation 
5 
ms 


Symbol 
Parameter 
Max. 
Units 
Test Conditions 


Cl/ol2) 
Input/Output 
Capacitance 
10 
pF 
VI/a = OV 


CIN(2) 
Input Capacitance 
10 
pF 
VIN= 
OV 


Parameter 
Min. 
Max. 
Units 


Endurance 
10,000 
Cycles 
per Byte 


Data Retention 
100 
Years 


Input Pulse Levels 
OV to 3V 


Input Rise and 
Fall Times 
10ns 


Input and Output 
Timing 
Levels 
1.5V 


1100PF 


CE 
OE 
WE 
Mode 
1/0 
Power 


L 
L 
H 
Read 
DOUT 
Active 


L 
H 
L 
Write 
DIN 
Active 


H 
X 
X 
Standby 
and 
High Z 
Standby 


Write 
Inhibit 


X 
L 
X 
Write 
Inhibit 
- 
- 


X 
X 
H 
Write 
Inhibit 
- 
- 


-.lllT 


~ 


XXXX 
H 


INPUTS 
OUTPUTS 


Mustbe 
Will be 
steady 
steady 


Maychange 
Will change 
from LOW 
from LOW 


to HIGH 
to HIGH 


Maychan~e 
Will change 


from HIG 
from HIGH 


to LOW 
to LOW 


Don'tCare: 
Chan~ng: 
Changes 
State 
ot 


Allowed 
Known 
N/A 
Center Line 
is High 
Impedance 


• 


A.C. CHARACTERISTICS (Over the recommended 
operating 
conditions, 
unless 
otherwise 
specified.) 


Read Cycle Limits 


X28HT010-20 
X28HT010-25 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Units 


tRC 
Read Cycle Time 
200 
250 
ns 


tCE 
Chip Enable 
Access 
Time 
200 
250 
ns 


tAA 
Address 
Access 
Time 
200 
250 
ns 


tOE 
Output 
Enable 
Access 
Time 
50 
50 
ns 


tLZ(3} 
CE LOW to Active 
Output 
0 
0 
ns 


tOLZ(3} 
OE LOW to Active 
Output 
0 
0 
ns 


tHZ(3) 
CE HIGH to High Z Output 
50 
50 
ns 


tOHZ(3} 
OE HIGH to High Z Output 
50 
50 
ns 


tOH 
Output 
Hold from Address 
Change 
0 
0 
ns 


Note: 
(3) 
tLZ min.,tHZ, IoLZ min., and 10Hz are periodically 
sampled and not 100% tested. tHZ max. and 10HZmax. are measured, 
with 


CL= 5pF, from the point when CE or OE return HIGH(whichever occurs first) to the lime when the outputs are no longer driven. 


Symbol 
Parameter 
Min. 
Max. 
Units 


twd4) 
Write Cycle Time 
10 
ms 


tAS 
Address Setup Time 
20 
ns 


tAH 
Address Hold Time 
100 
ns 


tcs 
Write Setup Time 
0 
ns 


tCH 
Write Hold Time 
0 
ns 


tcw 
CE Pulse Width 
200 
ns 


tOES 
OE HIGH Setup Time 
10 
ns 


tOEH 
OE HIGH Hold Time 
10 
ns 


twP 
WE Pulse Width 
200 
ns 


tWPH 
WE HIGH Recovery 
200 
ns 


tov 
Data Valid 
1 
I.ls 


tos 
Data Setup 
100 
ns 


tOH 
Data Hold 
25 
ns 


tow 
Delay to Next Write 
10 
I.ls 


tSLC 
Byte Load Cycle 
0.4 
100 
I.ls • 


Bxxxxxx';O- 


OATAOUTXXXXXXXX>--------H-IG-H-Z---------- 
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Notes: 
(4) 
twc is the minimum cycle time to be allowed from the system perspective unless polling techniques 
are used. 
It is the maximum 
time the device requires to complete internal write operation. 


~\\\V 
J 


fllllA 
J 


KtXXXXXXYJ 
J 
tDS 


HIGHZ 


OE(5) IIIIII 


CE 
\ 


twP 


WE 


'<ll1/ '<ll1/ YJlLJ '<ll1/ '<ll1/ Wr 


!111A !111A !7//lA !111A !111A III 


_x 
__ 
x~~x----------.." 


1/0 XXXX~~~X~~ 


BYTE 0 


Notes: 
(5) 
Between successive 
byte writes within a page write operation, OE can be strobed LOW: e.g. this can be done with CE and WE 
HIGH to fetch data from another memory device within the system for the next write; or with WE HIGH and CE LOW effectively 
performing a polling operation. 
(6) 
The timings shown above are unique to page write operations. 
Individual byte load operations within the page write must 


conform to either the CE or WE controlled write cycle timing. 


X28HT010 
_T 


Temperature 
Range 
Blank = 25°C to +170°C 


Access 
Time 
-25 = 250ns 
-20 = 200ns 


L-----------Package 
D = 32-Lead Cerdip 
F = 32-Lead Flat Pack 
K = 36-Lead Pin Grid Array 


LIMITED WARRANTY 


Devices 
sold by Xicor, 
Inc. are covered 
by the warranty 
and patent 
indemnification 
provisions 
appearing 
in its Terms 
of Sale 
only. Xicor, 
Inc. makes 
no warranty, 
express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent 
infringement. 


Xicor, 
Inc. makes 
no warranty 
of merchantability 
or fitness 
for any purpose. 
Xicor, 
Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 


prices 
at any time and without 
notice. 


Xicor, 
Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xlcor, 
Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4,263.664; 
4.274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 
4,450,402; 
4,466,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874,967; 
4,883, 
976. Foreign 
patents 
and 
additional 
patents 
pending. 


LIFE RELATED 
POLICY 
In situations 
where 
semiconductor 
component 
failure 
may endanger 
life, system 
designers 
using this product 
should 
design 
the system 
with appropriate 
error 


detection 
and correction, 
redundancy 
and back-up 
features 
to prevent 
such an occurence. 


Xicor's 
products 
are not authorized 
for use in critical components 
in life support 
devices 
or systems. 


1. Life support 
devices 
or systems 
are devices 
or systems 
which, (a) are intended 
for surgical 
implant 
into the body, or (b) support 
or sustain 
life, and whose 
failure to pertorm, 
when properly 
used in accordance 
with instructions 
for use provided 
in the iabeling, 
can be reasonably 
expected 
to result in a signiticant 


. injury to the user. 
2. A critical component 
is any component 
of a life support 
device or system whose failure to pertorm 
can be reasonably 
expected 
to cause the failure of the life 


support 
device 
or system, 
or to affect 
its safety 
or effectiveness. 
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APPLICATION 
NOTES 


AVAILABLE 


AN42 • AN44-48 
• AN50 • AN 52 • AN 53 • AN71 • AN73 


Terminal Voltage ±5V, 100 Taps 
iCOP 


® 


FEATURES 


• Compatible with X91 0211 03/104/503 
• Low Power CMOS 


-Vcc 
= 3V to 5.5V 


-Active 
Current, 3mA Max 


-Standby 
Current, 500lJA Max 


• 99 Resistive Elements 


-Temperature 
Compensated 


-± 20% End to End Resistance Range 


• 100 Wiper Tap Points 


-Wiper 
Positioned via Three-Wire Interface 


-Similar 
to TTL Up/Down Counter 


-Wiper 
Position Stored in Nonvolatile 


Memory and Recalled on Power-Up 


• 100 Year Wiper Position Data Retention 
• X9C102 = 1KQ 
• X9C103 = 10KQ 
• X9C503 = 50KQ 
• X9C104 = 100KQ 


DESCRIPTION 


The Xicor X9C1 02/1 03/1 04/503 is a solid state nonvola- 
tile 
potentiometer 
and 
is ideal 
for digitally 
controlled 


resistance 
trimming. 


The X9C1 02/1 03/1 04/503 is a resistor array composed 
of 


99 resistive 
elements. 
Between 
each 
element 
and 
at 


either end are tap points accessible 
to the wiper element. 


The position of the wiper element is controlled 
by the CS, 


U/O, and INC inputs. The position 
of the wiper can be 


stored in nonvolatile 
memory and then be recalled upon a 


subsequent 
power-up 
operation. 


The resolution 
of the X9C1 02/1 03/1 04/503 
is equal to 
• 
the 
maximum 
resistance 
value 
divided 
by 99. As an 


example, 
for the X9C503 
(50Kn) 
each tap point repre- 


sents 505Q. 


All Xicor nonvolatile 
memories 
are designed 
and tested 


for applications 
requiring 
extended 
endurance 
and data 
retention. 


7-BIT 
UP/DOWN 
COUNTER 


7-BIT 
NONVOLATILE 
MEMORY 


VCC 
GND 


STORE AND 
RECALL 


CONTROL 
CIRCUITRY 


E2POT'" 
is a trademark 
of Xicor, 
Inc. 


©Xicor, 
Inc. 
1994, 
1995 
Patents 
Pending 
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PIN DESCRIPTIONS 


VH and VL 


The high (VH) and low (VLl terminals 
of the X9C1 02/1 03/ 
104/503 
are 
equivalent 
to 
the 
fixed 
terminals 
of a 


mechanical 
potentiometer. 
The minimum 
voltage is -5V 


and the maximum 
is +5V. 
It should 
be noted that the 


terminology 
of VL and VH references 
the relative position 


of the terminal 
in relation 
to wiper 
movement 
direction 


selected 
by the U/O input and not the voltage potential on 


the terminal. 


Vw 


Vw 
is the 
wiper 
terminal, 
equivalent 
to the 
movable 


terminal 
of a mechanical 
potentiometer. 
The 
position 


of the 
wiper 
within 
the 
array 
is determined 
by the 


control 
inputs. 
The wiper 
terminal 
series 
resistance 
is 


typically 
40Q. 


Up/Down 
(UfO) 


The 
U/O 
input 
controls 
the 
direction 
of 
the 
wiper 


movement 
and whether 
the counter 
is incremented 
or 


decremented. 


Increment 
(INC) 


The INC input is negative-edge 
triggered. 
Toggling 
INC 


will move the wiper and either 
increment 
or decrement 


the counter 
in the direction 
indicated 
by the logic level on 


the U/O input. 


Chip Select 
(CS) 


The device 
is selected 
when the CS input is LOW. The 


current 
counter 
value 
is stored 
in nonvolatile 
memory 


when 
CS is returned 
HIGH while the INC input is also 


H IGH. After the store operation 
is complete 
the X9C 102/ 
103/104/503 
will be placed 
in the low power 
standby 


mode until the device 
is selected 
once again. 


DIP/SOle 


INC 
8 
VCC 


u/o 
2 
X9C1021 
7 
cs 


VH 
3 
10311041503 
6 
VL 


Vss 
4 
5 
Vw 


3863 
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Symbol 
Description 


VH 
High Terminal 


Vw 
Wiper Terminal 


VL 
Low Terminal 


Vss 
Ground 


Vcc 
Supply 
Voltage 


U/D 
Up/Down 
Input 


INC 
Increment 
Input 


CS 
Chip Select 
Input 


NC 
No Connect 


DEVICE OPERATION 


There are three sections of the X9C102/103/104/503: 
the input control, counter and decode section; the non- 
volatile memory; and the resistor array. The input control 
section operates just like an up/down counter. The 
output of this counter is decoded to turn on a single 
electronic switch connecting a point on the resistor array 
to the wiper output. Under the proper conditions the 
contents of the counter can be stored in nonvolatile 
memory and retained for future use. The resistor array 
is comprised of 99 individual resistors connected in 
series. At either end of the array and between each 
resistor 
is an electronic 
switch that transfers 
the 


potential at that point to the wiper. 


The INC, U/Oand CS inputs control the movement ofthe 
wiper along the resistor array. With CS set LOW the 
X9C 102/1 03/1 04/503 
is selected 
and enabled 
to 


respond to the U/O and INC inputs. HIGH to LOW 
transitions 
on 
INC will 
increment 
or decrement 


(depending on the state of the U/O input) a seven-bit 
counter. The output of this counter is decoded to 
select one of one-hundred wiper positions along the 
resistive array. 


The wiper, when at either fixed terminal, acts like its 
mechanical equivalent and does not rnove beyond the 
last position. That is, the counter does not wrap around 
when clocked to either extreme. 


The value of the counter is stored in nonvolatile memory 
whenever CS transistions HIGH while the INC input is 
also HIGH. 


When the X9C102/103/104/503 is powered-down, the 
last counter position stored will be maintained in the 
nonvolatile memory. When power is restored, the con- 
tents of the memory are recalled and the counter is reset 
to the value last stored. 


OPERATION NOTES 


The system may select the X9C102/103/104/503, move 
the wiper, and deselect the device without having to 
store the latest wiper, position in nonvolatile memory. 
The wiper movement is performed as described above; 
once the new position is reached, the system would the 
keep INC LOW while taking CS HIGH. The new wiper 
position would be maintained until changed by the 
system or until a power-down/up cycle recalled the 
previously stored data. 


This would allow the system to always power-up to a 
preset value stored in nonvolatile memory; then during 
system operation minor adjustments could be made. 
The adjustments might be based on user preference: 
system parameter changes due to temperature drift, 
etc... 


The state of UfO may be changed while CS remains 
LOW. This allows the host system to enable the 
X9C102/103/104/503 and then move the wiper"up and 
down until the proper trim is attained. 


TIW/RTOTAL 
The electronic switches on the X9C102/103/104/503 
operate in a "make before break" mode when the wiper 
changes tap positions. If the wiper is moved several 
positions, multiple taps are connected to the wiper for 
tlW(lNC to Vw change). The RTOTALvalue for the device 
can temporarily be reduced by a significant amount 
if the wiper is moved several positions. 


RTOTAL with Vcc Removed 


The end to end resistance of the array will fluctuate once 
Vcc is removed. 


• 


INPUTS 
OUTPUTS 


Mustbe 
Willbe 
steady 
steady 


Maychange 
Willchange 
fromLOW 
fromLOW 
to HIGH 
toHIGH 
Maychange 
Willchange 
fromHIGH 
fromHIGH 
toLOW 
toLOW 


Don'tCare: 
Changing: 


Changes 
StateNot 
Allowed 
Known 


N/A 
CenterLine 
isHigh 
Impedance 


JlT 


~ 
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ABSOLUTE MAXIMUM RATINGS· 
Temperature under Bias 
-65°C to +135°C 
Storage Temperature 
-65°C to +150°C 


Voltage on CS, INC, ufo and VCC 
with Respect to VSS 
-1V to +7V 


Voltage on VH and VL 
Referenced to VSS 
-8V to +8V 


IN= IVWVLI 
X9C102 
4V 
X9C103, X9C503, and X9C104 
10V 


Lead Temperature (Soldering, 10 seconds) 
+300°C 


Wiper Current 
±1mA 


Electrical Characteristics 


End-to-End Resistance Tolerance 
±20% 
Power Rating at 25°C 
X9C102 
16mW 
X9C103, X9C503, and X9C104 
10mW 


Wiper Current 
±1mA Max. 


Typical Wiper Resistance 
40Q at 1mA 


Typical Noise 
<-120dBHHz 
Ref: 1V 


Resolution 


Resistance 
1% 


Linearity 


Absolute Linearity(1) 
±1.0 MI(2) 


Relative Linearity(3) 
±0.2 MI(2) 


TEST POINT 
Vw 


·COMMENT 
Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
This is a stress rating only and the functional operation 
of the device at these or any other conditions above 
those listed in the operational sections of this specifica- 
tion is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


Temperature Coefficient 


(-40°C to +85°C) 
X9C102 
+600 ppml°C Typical 


X9C103, X9C503, X9C104 
+300 ppm/oC Typical 


Ratiometric Temperature Coefficient 
±20 ppm 


Wiper Adjustability 


Unlimited Wiper Adjustment (Non-Store operation) 
Wiper PositionStore Operations 
10,000 


Data Changes 


Physical Characteristics 


Marking Includes 
Manufacturer's Trademark 
Resistance Value or Code 
Date Code 


Test Circuit #2 


~ 


H 


TEST POINT 


~FORCE 
v 
CURRENT 
L 


Notes: 
(1) Absolute Linearity is utilized to determine actual wiper voltage versus expected voltage 
= (Vw(n)(actual) - Vw(n)(expected» = ±1 MI Maximum. 


(2) 
1 MI = Minimum Increment = RTOT/99. 


(3) 
Relative Linearity is a measure of the error in step size between taps = VW(n+1)- [Vw(n) + Mil = +0.2 MI. 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


Supply Voltage 
Limits 


X9C 102/1 03/1 04/503 
5V ±10% 


X9C1 02/1 03/1 04/503-3 
3V to 5.5V 


Limits 


Symbol 
Parameter 
Min. 
Typ'(4) 
Max. 
Units 
Test Conditions 


Ice 
Vee Active 
Current 
1 
3 
mA 
CS = VIL, U/O = VIL or VIH and 
INC = O.4V to 2.4V 
@ max. teye 


19B 
Standby 
Supply Current 
200 
500 
IlA 
CS = Vee - 0.3V, U/O and INC = 
Vss or Vee - 0.3V 


III 
CS, INC, U/O Input 
±10 
IlA 
VIN = Vss to Vee 
Leakage 
Current 


VIH 
CS, INC, UfO Input 
2 
Vee + 1 
V 
HIGH Voltage 


VIL 
CS, INC, U/O Input 
-1 
0.8 
V 
LOW Voltage 


Rw 
Wiper 
Resistence 
40 
100 
Q 
Max. Wiper 
Current 
±1 mA 


VH 
VH Terminal 
Voltage 
-5 
+5 
V 


VL 
VL Terminal 
Voltage 
-5 
+5 
V 


CIN(5) 
CS, INC, U/O Input 
10 
pF 
Vee = 5V, VIN = Vss. 


Capacitance 
TA = 25°C, f = 1MHz • 


Part Number 
Maximum Resistance 
Wiper Increments 
Minimum Resistance 


X9C102 
1KQ 
10.1Q 
40Q 


X9C103 
10KQ 
101Q 
40Q 


X9C503 
50KQ 
505Q 
40Q 


X9C104 
100KQ 
1010Q 
40Q 


Notes: 
(4) 
Typical values are for TA = 25°C and nominal supply volfage. 


(5) This parameter 
is periodically sampled and not 100% tested. 


Input Pulse Levels 
OVto 
3V 


Input Rise and Fall Times 
10ns 


Input Reference 
Levels 
1.5V 


CS 
INC 
UfO 
Mode 


L 
\. 
H 
Wiper 
Up 


L 
\. 
L 
Wiper 
Down 
f 
H 
X 
Store Wiper 
Position 


H 
X 
X 
Standby 
Current 


f 
L 
X 
No Store, 
Return 
to 


Standby 


Limits 


Symbol 
Parameter 
Min. 
Typ'(6) 
Max. 
Units 


tCI 
CS to INC Setup 
100 
ns 


tlD 
INC HIGH to UfD Change 
100 
ns 


tDJ 
UfD to INC Setup 
2.9 
~s 


tlL 
INC LOW Period 
1 
~s 


tlH 
INC HIGH 
Period 
1 
~s 


tiC 
INC Inactive 
to CS Inactive 
1 
~s 


tCPH 
CS Deselect 
Time 
20 
ms 


tlW 
INC to Vw Change 
100 
500 
~s 


tCYC 
INC Cycle Time 
4 
~s 
tR tF(7) 
INC Input Rise and Fall Time 
500 
~s 
tpu(7) 
Power 
up to Wiper 
Stable 
500 
~s 
tR VCc(7) 
VCC Power-up 
Rate 
0.2 
50 
mVf~s 


90% 
90% 


10% 


Notes: 
(6) Typical values are for TA = 25°C and nominal supply voltage. 
(7) This parameter 
is periodically 
sampled and not 100% tested. 
(8) 
MJ in the A.C. timing diagram refers to the minimum incremental change in the Vw output due to a change in the wiper position. 
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TEST CONDITIONS 
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TEST CONDITIONS 
Vcc = 5V 
Temp. = 25°C 
Wiper @ Tap 50 
VH = 2VRMS 
Test Circuit #1 


TEST CONDITIONS 
Vcc = 5V 
Temp. = 25°C 
Test Circuit #2 
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POSITION 


X 


T---Temperature 
Range 
Blank = Commercial = O°Cto +70°C 
I = Industrial = -40°C to +85°C 
M = Military = -55°C to +125°C 


Package 
P = 8-Lead Plastic DIP 
S = 8-Lead SOIC 


Endto EndResistance 
102 = 1KQ 
103 = 10KQ 
503 = 50KQ 
104 = 100KQ 


LIMITED WARRANTY 


Devices 
sold by Xicor, Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appea.ring in its Terms of Sale only. Xicor, 
Inc. makes 
no warranty, 


express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent infringement. 


Xicor, 
Inc. makes 
no warranty 
of merchantability 
or fitness for any purpose. 
XiCOf, Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 
prices at any time and without 
notice. 


Xicor, 
Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4,263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 
4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 967; 4,883,976. 
Foreign 
patents 
and 
additional 
patents 
pending. 


LIFE RELATED 
POLICY 
In situations 
where semiconductor 
component 
failure may endanger 
life, system designers 
using this product should design the system 
with appropriate 
error 


detection 
and correction, 
redundancy 
and back-Up features 
to prevent such an occurence. 


Xicor's 
products 
are not authorized 
for use in critical components 
in life support devices 
or systems. 


1. Life suppOr1 devices 
or systems 
are devices 
or systems 
which, (a> are intended 
for surgical 
implant 
into the body, or (b) sUppOr1 or sustain 
life, and whose 
failure to perfonn, 
when properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 
injury to the user. 
2. A critical component 
is any component 
of a life support device or system whose failure to perform 
can be reasonably 
expected 
to cause the failure of the life 
support 
device 
or system, 
or to affect its safety or effectiveness. 


-- 


APPLICATIONNOTES 


AVAILABLE 


AN42 • AN44-48 
• AN 50 • AN52 • AN53 • AN71 • AN73 


Terminal Voltage OV to +15V, 100 Taps 
iCDP 


® 


E2POTTMNonvolatile Digital Potentiometer 


DESCRIPTION 


• Compatible with X9C1021103/104/503 
• Low Power CMOS 


-Active 
Current, 3mA Max 


-Standby 
Current, 1mA Max 


• 99 Resistive Elements 
-Temperature 
Compensated 


-±20% End to End Resistance Range 
- 
0 to +15V Range 


• 100 Wiper Tap Points 


-Wiper 
Positioned via Three-Wire Interface 


-Similar 
to TTL Up/Down Counter 


-Wiper 
Position Stored in Nonvolatile 


Memory and Recalled on Power-Up 


• 100 Year Wiper Position Data Retention 
• X9312Z = 1KQ 
• X9312W = 10KQ 
• X9312U = 50KQ 
• X9312T = 100KQ 


The Xicor X9312 
is a solid state nonvolatile 
potentiom- 


eter and is ideal for digitally 
controlled 
resistance 
trim- 


ming. 


The X9312 
is a resistor array composed 
of 99 resistive 
elements. 
Between 
each element 
and at either end are 


tap points accessible 
to the wiper element. The position of 


the wiper element 
is controlled 
by the CS, UfO, and INC 
inputs. The position of the wiper can be stored in nonvola- 
tile memory 
and then 
be recalled 
upon 
a subsequent 


power-up 
operation. 


The resolution 
of the X9312 
is equal 
to the maximum 


resistance 
value divided 
by 99. As an example, 
for the 
X9312U 
(50KQ) 
each tap point represents 
505Q. 


All Xicor nonvolatile 
memories 
are designed 
and tested 


for applications 
requiring 
extended 
endurance 
and data 


retention. 


7-BIT 
NONVOLATILE 
MEMORY 


VCC 
GND 


STORE AND 
RECALL 
CONTROL 
CIRCUITRY 


ONE 
OF 


ONE- 
HUNDRED 
DECODER 


•• 


VH and VL 


The high (VH) and low (VLl terminals of the X9312 
are equivalent to the fixed terminals of a mechanical 
potentiometer. The minimum voltage is OV and the 
maximum 
is +15V. 
It should 
be noted that 
the 


terminology of VL and VH references the relative position 
of the terminal in relation to wiper movement direction 
selected by the U/Oinput and notthe voltage potential on 
the terminal. 


Vw 


Vw is the wiper terminal, equivalent to the movable 
terminal of a mechanical potentiometer. The position 
of the wiper within the array is determined by the 
control inputs. The wiper terminal series resistance is 
typically 400. 


Up/Down (UfO) 


The U/O input controls the direction of the wiper move- 
ment and whether 
the counter 
is incremented 
or 
decremented. 


Increment (INC) 


The INC input is negative-edge triggered. Toggling INC 
will move the wiper and either increment or decrement 
the counter inthe direction indicated by the logic level on 
the U/O input. 


Chip Select (CS) 


The device is selected when the CS input is LOW. The 
current counter value is stored in nonvolatile memory 
when CS is returned HIGH while the INC input is also 
HIGH. After the store operation is complete the X9312 
will be placed in the low power standby mode until the 
device is selected once again. 


DIP/SOle 


INC 
8 
vCC 


UfD 
2 
7 
CS 
X9312 
vH 
3 
6 
vL 
vss 
4 
5 
Vw 


3863 
FHD 
F02.1 


Symbol 
Description 


VH 
High Terminal 


Vw 
Wiper Terminal 
VL 
Low Terminal 


Vss 
Ground 


Vcc 
Supply Voltage 
U/D 
Up/Down Input 
INC 
Increment Input 
CS 
Chip Select Input 


DEVICE 
OPERATION 


There are three sections 
of the X9312: the input control, 


counter 
and decode 
section; 
the nonvolatile 
memory; 
and the resistor 
array. 
The input control 
section 
oper- 


ates just 
like an up/down 
counter. 
The output 
of this 


counter 
is decoded 
to turn on a single electronic 
switch 


connecting 
a point 
on the 
resistor 
array 
to the wiper 


output. 
Under the proper 
conditions 
the contents 
of the 


counter 
can 
be stored 
in nonvolatile 
memory 
and re- 


tained 
for future 
use. The resistor 
array is comprised 
of 


99 individual 
resistors 
connected 
in series. At either end 


of the array and between 
each resistor 
is an electronic 


switch 
that 
transfers 
the potential 
at that 
point to the 


wiper. 


The INC, ufo and CS inputs control the movement 
of the 


wiper 
along 
the 
resistor 
array. 
With 
CS set LOW the 


X9312 
is selected 
and 
enabled 
to 
respond 
to 
the 


ufo and INC inputs. HIGH to LOWtransitions 
on INC will 


increment 
or decrement 
(depending 
on the state of the 


U/O input) a seven bit counter. 
The output of this counter 


is decoded 
to select one of one-hundred 
wiper positions 


along the resistive 
array. 


The wiper, 
when 
at either 
fixed 
terminal, 
acts 
like its 


mechanical 
equivalent 
and does not move beyond 
the 


last position. 
That is, the counter 
does not wrap around 


when clocked 
to either extreme. 


The value of the counter 
is stored in nonvolatile 
memory 


whenever 
CS transistions 
HIGH while the INC input is 


also HIGH. 


When 
the 
X9312 
is powered-down, 
the 
last counter 


position 
stored 
will 
be 
maintained 
in the 
nonvolatile 


memory. 
When 
power 
is restored, 
the contents 
of the 


memory 
are recalled and the counter 
is reset to the value 


last stored. 


Operation 
Notes 


The system 
may select the X9312, 
move the wiper and 


deselect 
the device 
without 
having 
to store 
the latest 
wiper 
position 
in 
nonvolatile 
memory. 
The 
wiper 


movement 
is performed 
as described 
above; 
once the 


new position 
is reached, 
the system would the keep INC 


LOW 
while 
taking 
CS HIGH. 
The 
new wiper 
position 


would 
be maintained 
until changed 
by the system 
or 
until 
a power-up/down 
cycle 
recalled 
the 
previously 


stored 
data. 


This would 
allow the system 
to always 
power-up 
to a 


preset value stored 
in nonvolatile 
memory; 
then during 


system 
operation 
minor 
adjustments 
could 
be made. 


The adjustments 
might 
be based 
on user preference, 


system 
parameter 
changes 
due to temperature 
drift, 


etc ... 


The state 
of U/O may be changed 
while 
CS remains 


LOW. This allows the host system 
to enable 
the X9312 


and then move the wiper up and down 
until the proper 


trim is attained. 


T1W/RTOTAL 


The 
electronic 
switches 
on the 
X9312 
operate 
in a 
"make before break" mode when the wiper changes 
tap 


positions. 
If the wiper 
is moved 
several 
positions 
mul- 
tiple taps are connected 
to the wiper for tlW (INC to Vw 


change). 
The RTOTAL value for the device 
can tempo- 


rarily be reduced 
by a significant 
amount 
if the wiper is 


moved 
several 
positions. 


RToTAL with Vcc Removed 


The end to end resistance 
of the array will fluctuate 
once 


Vcc is removed. 


SYMBOL 
TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Mustbe 
Will be 
steady 
steady 
JlT 


Maychange 
Will change 
from LOW 
from LOW 
to HIGH 
to HIGH 


~ 
Maychan~e 
Will change 


from HIG 
from HIGH 
to LOW 
to LOW 
"lIi:i 


Don'tCare: 
Changing: 


Changes 
State Not 


Allowed 
Known 
H 


N/A 
Center Line 
is High 
Impedance 
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ABSOLUTE MAXIMUM RATINGS· 
Temperature under Bias 
-65°C to +135°C 
Storage Temperature 
-65°C to +150°C 


Voltage on CS, INC, UfO and VCC 
with Respect to VSS "." 
"" ..""""" 
-1V to +7V 


Voltage on VH and VL Referenced to VSS 
IN = IVWVLI 
X9312Z. X9312W, X9312U. and X9312T 
15V 


Lead Temperature (Soldering 10 seconds) 
300°C 


Wiper Current 
±1mA 


Electrical Characteristics 


End-to-End Resistance Tolerance 
±20% 
Power Rating at 25°C 


X9312Z, 
225mW 


X9312W, X9312U, and X9312T 
25mW 


Wiper Current 
±1mA Max. 


Typical Wiper Resistance 
400 at 1mA 


Typical Noise 
< -120dBH 
Hz Ref: 1V 


Resolution 


Resistance 
1% 


Linearity 


Absolute Linearity(1) 
±1.0 MI(2) 
Relative Linearity(3) 
±0.2 MI(2) 


TEST POINT 
Vw 


·COMMENT 
Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
This is a stress rating only and the functional operation 
of the device at these or any other conditions above 
those listed in the operational sections of this specifica- 
tion is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


Temperature Coefficient 


(-40°C to +85°C) 
X9312W, X9312U and 
X9312T 
+300 ppmrC Typical 


Ratiometric Temperature Coefficient 
±20 ppm 


Wiper Adjustability 


Unlimited Wiper Adjustment (Non-Store operation) 
Wiper Position Store Operations 
10.000 


Data Changes 


Physical Characteristics 


Marking Includes 
Manufacturer's Trademark 
Resistance Value or Code 
Date Code 
bH 


V 
TEST POINT 


..!!- 
FORCE 


V 
CURRENT 
L 


Notes: 
(1) 
Absolute Linearity is utilized to determine actual wiper voltage versus expected voltage 
= (Vw(n)(actual) - Vw(n)(expected)) = ±1 MI Maximum. 


(2) 
1 MI = Minimum Increment = RTOT/99. 
(3) 
Relative Linearity is a measure of the error in step size between taps = VW(n+1)- [Vw(n) + Mil = +0.2 MI. 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+8SoC 


Military 
-SsoC 
+12SoC 


Supply 
Voltage 


X9312 


Limits 


SV±10% 


38S5 
PGM 
T04.1 


Limits 


Symbol 
Parameter 
Min. 
Typ.(4) 
Max. 
Units 
Test Conditions 


Ice 
Vee Active 
Current 
1 
3 
mA 
CS = VIL, UfO = VIL or VIH and 
INC = 0.4Vf2.4V 
@ max. teye 


IS8 
Standby 
Supply Current 
SOO 
1000 
~ 
CS = Vee - 0.3V, UfO and INC = 
Vss or Vee - 0.3V 


III 
CS, INC, UfO Input 
±10 
~ 
VIN = Vss to Vee 


Leakage 
Current 


VIH 
CS, INC, UfO Input 
2 
Vee + 1 
V 
HIGH Voltage 


VIL 
CS, INC, UfO Input 
-1 
0.8 
V 
LOW Voltage 


Rw 
Wiper 
Resistence 
40 
100 
0 
Max. Wiper 
Current 
±1 mA 


VVH 
VH Terminal 
Voltage 
0 
1S 
V 


VVL 
VL Terminal 
Voltage 
0 
1S 
V 


CIN(5) 
CS, INC, UfO Input 
10 
pF 
Vee = SV, VIN = Vss, 


Capacitance 
T A = 2SoC, f = 1MHz 


Part Number 
Maximum 
Resistance 
Wiper 
Increments 
Minimum 
Resistance 


X9312Z 
1KO 
10.10 
400 


X9312W 
10KO 
1010 
400 


X9312U 
SOKO 
SOSO 
400 


X9312T 
100KO 
10100 
400 


Notes: 
(4) 
Typical values are for TA = 25°C and nominal supply voltage. 


(5) This parameter 
is periodically sampled and not 100% tested. 


-- 


Input Pulse Levels 
OV to 3V 


Input Rise and Fall Times 
10ns 


Input Reference 
Levels 
1.5V 


CS 
INC 
UfO 
Mode 


L 
'\. 
H 
Wiper 
Up 


L 
'\. 
L 
Wiper 
Down 
f 
H 
X 
Store Wiper 
Position 


H 
X 
X 
Standby 
f 
L 
X 
No Store, 
Return 
to 
Standby 


Limits 


Symbol 
Parameter 
Min. 
Typ.(6) 
Max. 
Units 


tCI 
CS to INC Setup 
100 
ns 


tlD 
INC HIGH to U/D Change 
100 
ns 


tDI 
UfD to INC Setup 
1 
).ls 


tlL 
INC LOW Period 
1 
).ls 


tlH 
INC HIGH 
Period 
1 
).ls 


tiC 
INC Inactive 
to CS Inactive 
1 
).ls 


tCPH 
CS Deselect 
Time 
20 
ms 


tlW 
INC to Vw Change 
100 
500 
).ls 


tCYC 
INC Cycle Time 
1 
).ls 


tR tF(7) 
INC Input Rise and Fall Time 
500 
).lS 


tpu(7) 
Power 
up to Wiper 
Stable 
500 
).ls 


tR Vcc(7) 
Vcc 
Power-up 
Rate 
0.2 
50 
mV/).ls 


90% 
90% 


10% 


Notes: 
(6) Typical values are for TA ~ 25°C and nominal supply voltage. 
(7) This parameter 
is periodically sampled and not 100% tested. 
(8) 
MI in the A.C. timing diagram refers to the minimum incremental change in the Vw output due to a change in the wiper position. 


x 
T 
Temperature 
Range 
Blank = Commercial = O°Cto +70°C 
I = Industrial = -40°C to +85°C 
M = Military = -55°C to +125°C 


Package 
P = 8-Lead Plastic DIP 
S = 8-Lead SOIC 


End to End Resistance 
Z=1Kil 
W = 10Kil 
U = 50Kil 
T = 100Kil 


LIMITED WARRANTY 


Devices 
sold by Xicor, 
Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms of Sale only. Xicor, Inc. makes no warranty, 
express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent infringement. 


Xicor, 
Inc. makes 
no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 
prices at any time and without 
notice. 


Xicor, Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4,263,664; 
4,274,012; 
4.300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 
4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 967; 4,883, 976. Foreign 
patents and 


additional 
patents 
pending. 


LIFE RELATED 
POLICY 


In situations 
where semiconductor 
component 
failure may endanger 
life, system 
designers 
using this product should design the system 
with appropriate 
error 


detection 
and correction, 
redundancy 
and back-up 
features 
to prevent such an occurence. 


Xicor's products 
are not authorized 
for use in critical components 
in life support devices 
or systems. 
1. Life support 
devices 
or systems 
are devices 
or systems 
which, 
(a) are intended 
for surgical 
implant into the body, or (b) support 
or sustain 
life, and whose 
failure to perform, 
when properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a signi1icant 
injury to the user. 


2. A critical 
component 
is any component 
of a life support device or system whose failure to perform can be reasonably 
expected 
to cause the failure of the life 


support 
device 
or system, 
or to affect its safety or effectiveness. 


II 


ApPLICATION 
NOTES 


AVAILABLE 


AN42 • AN44-48 
• AN50 • AN 52 • AN53 • AN71 • AN73 
iCDP 
® 


E2POTTMNonvolatile Digital Potentiometer 


DESCRIPTION 


• Low Power CMOS 


-Vcc 
= 3V to 5.5V 


-Active 
Current, 3mA Max 


-Standby 
Current, 500/lA Max 


• 31 Resistive Elements 


-Temperature 
Compensated 


-120% 
End to End Resistance Range 


- 
-5V to +5V Range 


• 32 Wiper Tap Points 


-Wiper 
Positioned via Three-Wire Interface 


-Similar 
to TIL Up/Down Counter 


-Wiper 
Position Stored in Nonvolatile 


Memory and Recalled on Power-Up 


• 100 Year Wiper Position Data Retention 
• X9313Z= 1KQ 
• X9313W= 10KQ 
• Packages 


-8-Pin 
DIP 


-8-Lead 
SOIC 


-8-Lead 
TSSOP 


The Xicor X9313 
is a solid state nonvolatile 
potentiom- 


eter and is ideal for digitally 
controlled 
resistance 
trim- 


ming. 


The X9313 
is a resistor array composed 
of 31 resistive 


elements. 
Between 
each element 
and at either end are 


tap points accessible 
to the wiper element. The position of 


the wiper element 
is controlled 
by the CS, UfO, and INC 


inputs. The position of the wiper can be stored in nonvola- 
tile memory 
and then 
be recalled 
upon 
a subsequent 


power-up 
operation. 


The resolution 
of the X9313 
is equal 
to the maximum 


resistance 
value divided 
by 31. As an example, 
for the 


X9313W 
(10Kil) 
each tap point represents 
323il. 


All Xicor nonvolatile 
memories 
are designed 
and tested 


for applications 
requiring 
extended 
endurance 
and data 
retention. 


5-BIT 


NONVOLATILE 


MEMORY 


VCC 
GND 


STORE AND 


RECALL 


CONTROL 
CIRCUITRY 


ONE 
OF 


THIRTY- 


TWO 
DECODER 


• 


VH and VL 


The high (VH) and low (VLl terminals 
of the X9313 
are 


equivalent 
to the fixed terminals 
of a mechanical 
potenti- 


ometer. The minimum voltage is -5V and the maximum 
is 


+5V. It should be noted that the terminology 
of VL and VH 


references 
the relative position of the terminal 
in relation 


to wiper movement 
direction selected by the U/O input and 


not the voltage 
potential 
on the terminal. 


Vw 


Vw 
is the 
wiper 
terminal, 
equivalent 
to the 
movable 


terminal 
of a mechanical 
potentiometer. 
The 
position 


of the 
wiper 
within 
the 
array 
is determined 
by the 


control 
inputs. 
The wiper 
terminal 
series 
resistance 
is 


typically 
400. 


Up/Down 
(UfO) 


The U/O input controls 
the direction 
of the wiper move- 


ment 
and 
whether 
the 
counter 
is 
incremented 
or 


decremented. 


Increment 
(INC) 


The INC input is negative-edge 
triggered. 
Toggling 
INC 


will move the wiper and either 
increment 
or decrement 


the counter 
in the direction 
indicated 
by the logic level on 


the U/O input. 


Chip 
Select 
(CS) 


The device 
is selected 
when the CS input is LOW. The 


current 
counter 
value 
is stored 
in nonvolatile 
memory 


when 
CS is returned 
HIGH while the INC input is also 
HIGH. After the store operation 
is complete 
the X9313 


will be placed 
in the low power 
standby 
mode until the 


device 
is selected 
once again. 


DIP/SOIC 


INC 
1 
8 
VCC 
U/D 
2 
7 
CS 
VH 
X9313 
3 
6 
VL 
Vss 
4 
5 
Vw 


Symbol 
Description 


VH 
High Terminal 


Vw 
Wiper Terminal 


VL 
Low Terminal 


Vss 
Ground 


Vcc 
Supply 
Voltage 


U/D 
Up/Down 
Input 


INC 
Increment 
Input 


CS 
Chip Select 
Input 


There are three sections 
of the X9313: the input control, 


counter 
and decode 
section; 
the nonvolatile 
memory; 
and 
the 
resistor 
array. 
The 
input 
control 
section 
operates 
just like an up/down 
counter. 
The output of this 
counter 
is decoded 
to turn on a single electronic 
switch 
connecting 
a point 
on the 
resistor 
array 
to the wiper 
output. 
Under the proper conditions 
the contents 
of the 
counter 
can 
be 
stored 
in 
nonvolatile 
memory 
and 
retained 
for future 
use. The resistor 
array is comprised 
of 31 individual 
resistors 
connected 
in series. 
At either 
end 
of the 
array 
and 
between 
each 
resistor 
is an 
electronic 
switch that transfers 
the potential 
at that point 
to the wiper. 


The INC, U/O and CS inputs control the movement 
of the 
wiper 
along 
the 
resistor 
array. 
With 
CS set LOW the 
X9313 
is selected 
and 
enabled 
to 
respond 
to 
the 
U/O and INC inputs. HIGH to LOW transitions 
on INC will 


increment 
or decrement 
(depending 
on the state of the 
U/O input) a seven bit counter. 
The output of this counter 
is decoded 
to select 
one of thirty 
two wiper 
positions 
along the resistive 
array. 


The wiper, 
when 
at either 
fixed 
terminal, 
acts 
like its 
mechanical 
equivalent 
and does not move beyond 
the 


last position. 
That is, the counter 
does not wrap around 
when clocked 
to either extreme. 


The value of the counter 
is stored in nonvolatile 
memory 
whenever 
CS transistions 
HIGH while the INC input is 
also HIGH. 


When 
the 
X9313 
is powered-down, 
the 
last counter 
position 
stored 
will 
be maintained 
in the 
nonvolatile 
memory. 
When 
power 
is restored, 
the contents 
of the 
memory 
are recalled and the counter 
is resetto the value 
last stored. 


Operation 
Notes 


The system 
may select the X9313, 
move the wiper and 
deselect 
the device 
without 
having 
to store 
the latest 
wiper position 
in nonvolatile 
memory. 
The wiper move- 
ment is performed 
as described 
above; 
once the new 
position 
is reached, 
the system 
would 
the 
keep 
INC 
LOW 
while 
taking 
CS HIGH. 
The 
new wiper 
position 
would 
be maintained 
until changed 
by the system 
or 
until 
a power-up/down 
cycle 
recalled 
the 
previously 
stored 
data. 


This would 
allow the system 
to always 
power-up 
to a 
preset value stored 
in nonvolatile 
memory; 
then during 
system 
operation 
minor 
adjustments 
could 
be made. 


The adjustments 
might 
be based 
on user preference, 
system 
parameter 
changes 
due 
to temperature 
drift, 


etc ... 


The state 
of U/O may be changed 
while 
CS remains 
LOW. This allows the host system 
to enable 
the X9313 
and then move the wiper up and down until the proper 
trim is attained. 


TIW/RTOTAL 


The 
electronic 
switches 
on the 
X9313 
operate 
in a 
"make before break" mode when the wiper changes 
tap 
positions. 
If the wiper 
is moved 
several 
positions 
mul- 
tiple taps are connected 
to the wiper for tlW (INC to Vw 
change). 
The RTOTAL value for the device 
can tempo- 
rarily be reduced 
by a significant 
amount 
if the wiper is 
moved 
several 
positions. 


RTOTAL with 
Vcc 
Removed 


The end to end resistance 
of the array will fluctuate 
once 
Vcc 
is removed. 


INPUTS 
OUTPUTS 


Mustbe 
Will be 
steady 
steady 


Maychange 
Will change 
from LOW 
from LOW 
to HIGH 
to HIGH 


Maychange 
Will change 
from HIGH 
from HIGH 
to LOW 
to LOW 


Don'tCare: 
Changing: 


Changes 
State Not 
Allowed 
Known 
N/A 
Center Line 
is High 
Impedance 


• 


ABSOLUTE MAXIMUM RATINGS' 


Temperature 
under 
Bias 
-65°C 
to +135°C 


Storage 
Temperature 
-65°C 
to +150°C 


Voltage 
on CS, INC, ufo and VCC 


with Respect 
to VSS 
-1 V to +7V 


Voltage 
on VH and VL Referenced 
to VSS 


6.V = IVWVLI 
X9313Z 
4V 


X9313W, 
X9313U, 
X9313T.. 
10V 


Lead Temperature 
(Soldering 
10 seconds) 
300°C 


Wiper 
Current 
±1 mA 


Electrical Characteristics 


End-to-End 
Resistance 
Tolerance 
±20% 
Power 
Rating 
at 25°C 
X9313Z 
16mW 


X9313W 
1OmW 


Wiper 
Current 
±1 mA Max. 
Typical 
Wiper 
Resistance 
40Q at 1mA 


Typical 
Noise 
< -120dBHHz 
Ref: 1V 


Resolution 


Resistance 
3% 


Linearity 


Absolute 
Linearity(1) 
±1.0 MI(2) 
Relative 
Linearity(3) 
±0.2 MI(2) 


TEST POINT 
Vw 


'COMMENT 


Stresses 
above those listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 


of the device 
at these 
or any other 
conditions 
above 


those listed in the operational 
sections 
of this specifica- 


tion 
is not 
implied. 
Exposure 
to 
absolute 
maximum 


rating conditions 
for extended 
periods 
may affect device 


reliability. 


Temperature Coefficient 


(-40°C 
to +85°C) 


X9313Z 
+600 ppm/oC Typical 


X9313W, 
X9313U, 
X9313T 
+300 ppm/oC Typical 


Ratiometric 
Temperature 
Coefficient 
±20 ppm 


Wiper Adjus ability 


Unlimited 
Wiper Adjustment 
(Non-Store 
operation) 


Wiper 
Position 
Store Operations 
10,000 


Data Changes 


Physical Characteristics 


Marking 
Includes 


Manufacturer's 
Trademark 


Resistance 
Value 
or Code 
Date Code 
Test Circuit #2 


~ 


H 


TEST POINT 


~FORCE 
V 
CURRENT 


L 


Notes: 
(1) 
Absolute Linearity is utilized to determine actual wiper voltage versus expected voltage 
= (Vw(n)(actual) - Vw(n)(expected)) = ±1 MI Maximum. 
(2) 
1 MI = Minimum Increment = RTOT/31. 
(3) 
Relative Linearity is a measure of the error in step size between taps = VW(n+1) - [Vw(n) + Mil = +0.2 MI. 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+8SoC 


Military 
-SsoC 
+12SoC 


Supply Voltage 
Limits 


X9313 
SV±10% 


X9313-3 
3V to S.SV 


Limits 


Symbol 
Parameter 
Min. 
Typ.(4) 
Max. 
Units 
Test Conditions 


Ice 
Vee Active 
Current 
1 
3 
mA 
CS = VIL, UfO = VIL or VIH and 
INC = OAVf2AV 
@ max. teye 


IS8 
Stand~y 
Supply Current 
200 
SOO 
~ 
CS = Vee - 0.3V, UfO and INC = 
Vss or Vee - 0.3V 


III 
CS, INC, UfO Input 
±10 
~ 
VIN = Vss to Vee 
Leakage 
Current 


VIH 
CS, INC, UfO Input 
2 
Vee + 1 
V 
HIGH Voltage 


VIL 
CS, INC, UfO Input 
-1 
0.8 
V 
LOW Voltage 


Rw 
Wiper 
Resistence 
40 
100 
0 
Max. Wiper 
Current 
±1 mA 


VVH 
VH Terminal 
Voltage 
-S 
+S 
V 


VVL 
VL Terminal 
Voltage 
-S 
+S 
V 


CIN(5) 
CS, INC, UfO Input 
10 
pF 
Vee = SV, VIN = Vss, 


Capacitance 
T A = 2SoC, f = 1MHz 


Part Number 
Maximum Resistance 
Wiper Increments 
Minimum Resistance 


X9313Z 
1KO 
32.30 
400 


X9313W 
10KO 
3230 
400 


X9313U 
SOKO 
23810 
400 


X9313T 
100KO 
32260 
400 


Notes: 
(4) Typical values are for TA = 25°C and nominal supply voltage. 
(5) This parameter 
is periodically sampled and not 100% tested. 


• 


Input Pulse Levels 
OV to 3V 


Input Rise and Fall Times 
10ns 


Input Reference 
Levels 
1.5V 


CS 
INC 
UfO 
Mode 


L 
'- 
H 
Wiper 
Up 


L 
'- 
L 
Wiper 
Down 
f 
H 
X 
Store Wiper 
Position 


H 
X 
X 
Standby 
f 
L 
X 
No Store, 
Return 
to 


Standby 


Limits 


Symbol 
Parameter 
Min. 
Typ.(6) 
Max. 
Units 


tCI 
CS to INC Setup 
100 
ns 


tlO 
INC HIGH to UfO Change 
100 
ns 


tOI 
UfO to INC Setup 
2.9 
~s 


tlL 
INC LOW Period 
1 
~s 


tlH 
INC HIGH Period 
1 
~s 


tiC 
INC Inactive 
to CS Inactive 
1 
~s 


tCPH 
CS Deselect 
Time 
20 
ms 


tlW 
INC to Vw Change 
100 
500 
~s 


tCYC 
INC Cycle Time 
4 
~s 


tR, tF(7) 
INC Input Rise and Fall Time 
500 
~s 
tpu(7) 
Power 
up to Wiper 
Stable 
500 
~s 


tR VCc(7) 
VCC Power-up 
Rate 
0.2 
50 
mVf~s 


3866 
PGM 
T07.3 


A.C. Timing 


cs 


~~ 


tCYC 


tCI 
tlL 
tlH 
tiC 


INC 


tlO 
tOI 
tR 


UfD 
r- 
tlW 


vw 
--'MI' 
(8) 
r- 
3866 
FHD 
F03 


Notes: 
(6) Typical values are for TA; 25°C and nominal sup'ply voltage. 
(7) This parameter 
is periodically sampled and not 100% tested. 
(8) 
MI in the A.C. timing diagram refers to the minimum incremental change in the Vw output due to a change in the wiper position. 


x 
x1L VeeRaoQ' 
Blank = 4.5V to 5.5V 


3 = 3V to 5.5V 


Temperature 
Range 
Blank = Commercial 
= O°C to +70°C 
I = Industrial = -40°C 
to +85°C 
M = Military = -55°C 
to + 125°C 


Package 
P = 8-Lead 
Plastic 
DIP 
S = 8-Lead 
SOIC 
V = 8-Lead TSSOP 
• 
End to End Resistance 
Z= 
1KQ 


w= 10KQ 
U = 50KQ 
T = 100KQ 


LIMITED WARRANTY 


Devices 
sold by Xicor, Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms of Sale only. Xicor, Inc. makes no warranty. 


express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent infringement. 


Xicor, Inc. makes no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 
prices at any time and without 
notice. 


Xicor, Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor. Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4,263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326.134; 
4,393.481; 
4,404,475; 


4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 967; 4,883, 
976. Foreign 
patents and 


additional 
patents 
pending. 


LIFE RELATED 
POLICY 


In situations 
where 
semiconductor 
component 
failure may endanger 
life, system 
designers 
using this product should design the system 
with appropriate 
error 
detection 
and correction, 
redundancy 
and back·up 
features 
to prevent such an occurenC8. 


Xicor's products 
are not authorized 
for use in critical components 
in life support devices 
or systems. 


1. Life support 
devices 
or systems 
are devices 
or systems 
which, (a) are intended 
for surgical 
implant into the body, or (b) support 
or sustain 
life, and whose 


failure to perform, 
when properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 
injury to the user. 


2. A critical 
component 
is any component 
of a life support 
device or system whose failure to perform 
can be reasonably 
expected 
to cause the failure of the life 
support 
device 
or system, 
or to affect its safety or effectiveness. 


ApPLICATION 
NOTES 
AVAILABLE 


AN42 • AN44-50 
• AN52 • AN53 • AN71 • AN73 
iCOP 
® 


E2POT™ 
Nonvolatile Digital Potentiometer 


DESCRIPTION 


• Low Power CMOS 
-Vcc 
= 3V to 5.5V 
-Active 
Current, 3mA Max 
-Standby 
Current, 500~ 
Max 
• 31 Resistive Elements 
-Temperature 
Compensated 
-±20% 
End to End Resistance Range 
- 
-5V to +5V Range 
• 32 Wiper Tap Points 
-Wiper 
Positioned via Three-Wire Interface 
-Similar 
to TTL Up/Down Counter 
-Wiper 
Position Stored in Nonvolatile 
Memory and Recalled on Power-Up 
• 100 Year Wiper Position Data Retention 
• X9314W= 10KQ 
• Packages 
-8-Pin 
DIP 


-8-Lead 
SOIC 
-8-Lead 
TSSOP 


The Xicor X9314 
is a solid state nonvolatile 
potentiom- 
eter and is ideal for digitally 
controlled 
resistance 
trim- 


ming. 


The X9314 
is a resistor array composed 
of 31 resistive 
elements. 
Between 
each element 
and at either end are 


tap points accessible 
to the wiper element. The position of 
the wiper element 
is controlled 
by the CS, UfO, and INC 
inputs. The position of the wiper can be stored in nonvola- 
tile memory 
and then 
be recalled 
upon 
a subsequent 
power-up 
operation. 


All Xicor nonvolatile 
Digitally 
Controlled 
Potentiometers 


are designed 
and tested 
for applications 
requiring 
ex- 
tended 
endurance 
and data retention. 


5-BIT 
UP/DOWN 
COUNTER 


5-BIT 
NONVOLATILE 
MEMORY 


VCC 
GND 


STORE AND 
RECALL 


CONTROL 
CIRCUITRY 


ONE 
28 


OF 
THIRTY- 


TWO 
DECODER 


• 


VH and VL 


The high (VH) and low (VL) terminals of the X9314 
are equivalent to the fixed terminals of a mechanical 
potentiometer. The minimum voltage is -5V and the 
maximum is +5V. It should be noted that the terminology 
of VL and VH references the relative position of the 
terminal 
in relation 
to wiper 
movement 
direction 
selected by the UiD input and notthe voltage potential on 
the terminal. 


Vw 


Vw is the wiper terminal, equivalent to the movable 
terminal of a mechanical potentiometer. The position 
of the wiper within the array is determined by the 
control inputs. The wiper terminal series resistance is 
typically 40Q. 


Up/Down (UiD) 


The U/O input controls the direction of the wiper move- 
ment and whether 
the counter 
is incremented 
or 
decremented. 


Increment (INC) 


The INC input is negative-edge triggered. Toggling INC 
will move the wiper and either increment or decrement 
the counter inthe direction indicated by the logic level on 
the U/O input. 


Chip Select (CS) 


The device is selected when the CS input is LOW. The 
current counter value is stored in nonvolatile memory 
when CS is returned HIGH while the INC input is also 
HIGH. After the store operation is complete the X9314 
will be placed in the low power standby mode until the 
device is selected once again. 


Typical Attenuation Characteristics (dB) 
o 


Symbol 
Description 


VH 
High Terminal 


Vw 
Wiper Terminal 


VL 
Low Terminal 


Vss 
Ground 


Vcc 
Supply Voltage 
U/D 
Up/Down Input 
INC 
Increment Input 
CS 
Chip Select Input 
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TAP POSITION 
6427 ILLF07 


There are three sections of the X9314: the input control, 
counter and decode section; the nonvolatile memory;and 
the resistor array. The input control section operates just 
like an up/down counter. The output of this counter is 
decoded to turn on a single electronic switch connecting 
a point on the resistor array to the wiper output. Underthe 
proper conditions the contents of the counter can be 
stored in nonvolatile memory and retainedfor future use. 
The resistor array is comprised of 31 individual resistors 
connected in series. At either end of the array and 
between each resistor is an electronic switch that 
transfers the potential at that point to the wiper. 


The INC, U/Oand CS inputs control the movement of the 
wiper along the resistor array. With CS set LOW the 
X9314 is selected and enabled to respond to the 
U/Oand INC inputs. HIGH to LOW transitions on INCwill 
increment or decrement (depending on the state of the 
U/O input) a five bit counter. The output of this counter 
is decoded to select one of thirty-two wiper positions 
along the resistive array. 


The wiper, when at either fixed terminal, acts like its 
mechanical equivalent and does not move beyond the 
last position. That is, the counter does not wrap around 
when clocked to either extreme. 


The value of the counter is stored in nonvolatile memory 
whenever CS transistions HIGH while the INC input is 
also HIGH. 


When the X9314 is powered-down, the last counter 
position stored will be maintained in the nonvolatile 
memory. When power is restored, the contents of the 
memory are recalled and the counter is resetto the value 
last stored. 


SYMBOL TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 
JlT 


May change 
Will change 
from LOW 
from LOW 


to HIGH 
to HIGH 


~ 


May change 
Will change 
from HIGH 
from HIGH 


to LOW 
to LOW 


XXXX 


Don't Care: 
Changing: 
Changes 
State Not 
Allowed 
Known 
H 


NIA 
Center Line 
is High 
Impedance 


4-33 


Operation 
Notes 


The system may select the X9314, move the wiper and 
deselect the device without having to store the latest 
wiper 
position 
in nonvolatile 
memory. 
The wiper 


movement is performed as described above; once the 
new position is reached, the system would keep the INC 
LOW while taking CS HIGH. The new wiper position 
would be maintained until changed by the system or 
until a power-up/down cycle recalled the previously 
stored data. 


This would allow the system to always power-up to a 
preset value stored in nonvolatile memory; then during 
system operation minor adjustments could be made. 
The adjustments might be based on user preference, 
system parameter changes due to temperature drift, 
etc... 


The state of U/O may be changed while CS remains 
LOW. This allows the host system to enable the X9314 
and then move the wiper up and down until the proper 
trim is attained. 


TIW/RTOTAL 
The electronic switches on the X9314 operate in a 
"make before break" mode when the wiper changes tap 
positions. If the wiper is moved several positions mul- 
tiple taps are connected to the wiper for t,w (INC to Vw 
change). The RTOTAL value for the device can tempo- 
rarily be reduced by a significant amount if the wiper is 
moved several positions. 


RTOTAL with Vcc Removed 


The end to end resistance of the array will fluctuate once 
Vcc is removed. 


• 


ABSOLUTE MAXIMUM RATINGS' 


Temperature 
under 
Bias 
-65°C 
to +135°C 


Storage 
Temperature 
-65°C 
to +150°C 


Voltage 
on CS, INC, ulD and Vcc 


with Respect 
to VSS 
-1V 
to +7V 


Voltage 
on VH and VL 


Referenced 
to VSS 
-8V 
to +8V 


!:lV = IVH-VLI 


X9314W 
1OV 


Lead Temperature 
(Soldering 
10 seconds) 
300°C 


Wiper 
Current 
±1 mA 


Electrical Characteristics 


End-to-End 
Resistance 
Tolerance 
±20% 
Power 
Rating at 25°C 


X9314W 
10mW 


Wiper 
Current 
±1 mA Max. 
Typical 
Wiper 
Resistance 
40Q at 1mA 


Typical 
Noise 
< -120dBH 
Hz Ref: 1V 


Relative Variation 


Relative 
variation 
is a measure 
of the error in step size 


between 
taps = 10g(Vwen)) -log(V 
w(n-1») = 0.07±0.003 
for 
tap n = 2 - 31 


'COMMENT 


Stresses 
above those listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 


of the device 
at these 
or any other 
conditions 
above 


those listed in the operational 
sections 
of this specifica- 


tion 
is not 
implied. 
Exposure 
to 
absolute 
maximum 


rating conditions 
for extended 
periods 
may affect device 


reliability .. 


Temperature Coefficient 


(-40°C 
to +85°C) 
X9314W 
+600 ppm/oC Typical 


Ratiometric 
Temperature 
Coefficient 
±20 ppm 


Wiper Adjustability 


Unlimited 
Wiper 
Adjustment 
(Non-Store 
operation) 


Wiper 
Position 
Store Operations 
100,000 


Data Changes 


Physical Characteristics 


Marking 
Includes 
Manufacturer's 
Trademark 


Resistance 
Value or Code 
Date Code 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


Supply Voltage 
Limits 


X9314 
5V±10% 


X9314-3 
3V to 5.5V 


Limits 


Symbol 
Parameter 
Min. 
Typ.(4) 
Max. 
Units 
Test Conditions 


Ice 
Vee Active Current 
1 
3 
mA 
CS = VIL, UfO = VIL or VIHand 
INC = 0.4Vf2.4V @ max. teye 


IS8 
Stand~y Supply Current 
500 
~ 
CS = Vcc - 0.3V, UfO and INC = 
Vss or Vce - 0.3V 


III 
CS, INC, UfO Input 
±10 
~ 
VIN= Vss to Vcc 
Leakage Current 


VIH 
CS, INC, UfO Input 
2 
Vcc + 1 
V 
HIGH Voltage 


VIL 
CS, INC, UfO Input 
-1 
0.8 
V 
LOW Voltage 


Rw 
Wiper Resistance 
40 
100 
Q 
Max. Wiper Current ±1mA 


VYH 
VH Terminal Voltage 
-5 
+5 
V 


VYL 
VL Terminal Voltage 
-5 
+5 
V 


CIN(5) 
CS, INC, UfO Input 
10 
pF 
Vcc = 5V, VIN= Vss, 


Capacitance 
TA = 25°C, f = 1MHz 


STANDARD PARTS 


Part Number 


X9314W 


Maximum Resistance 


10KQ 


Wiper Increments 


Log Taper 


Notes: 
(4) Typical values are for TA = 25°C and nominal supply voltage. 
(5) 
This parameter 
is periodically sampled and not 100% tested. 


~ 


H 


Y 
TEST POINT 


..!!- FORCE 
V 
CURRENT 
L 


TEST POINT 
Yw 


• 


CS 
INC 
UfO 
Mode 


L 
'- 
H 
Wiper 
Up 


L 
'- 
L 
Wiper 
Down 
J 
H 
X 
Store Wiper 
Position 


H 
X 
X 
Standby 
J 
L 
X 
No Store, 
Return 
to 


Standby 


Input Pulse Levels 
OV to 3V 


Input Rise and Fall Times 
10ns 


Input Reference 
Levels 
1.5V 


Limits 


Symbol 
Parameter 
Min. 
Typ.(6) 
Max. 
Units 


tCI 
CS to INC Setup 
100 
ns 


tlD 
INC HIGH to UfD Change 
100 
ns 


tDI 
UfD to INC Setup 
2.9 
Jls 


tlL 
INC LOW Period 
1 
Jls 


tlH 
INC HIGH 
Period 
1 
Jls 


tiC 
INC Inactive 
to CS Inactive 
1 
Jls 


tCPH 
CS Deselect 
Time 
20 
ms 


tlW 
INC to Vw Change 
100 
500 
Jls 


tCYC 
INC Cycle Time 
4 
Jls 


tR tF(7) 
INC Input Rise and Fall Time 
500 
Jls 


tpu(7) 
Power 
up to Wiper 
Stable 
500 
Jls 


tR VCC 
Vcc 
Power-up 
Rate 
0.2 
50 
mVfJls 


6427 
PGM 
T07.3 


A.C. Timing 


cs 
,c1 
tCYC 


tCI 
tlL 
tlH 
tiC 


INC 


tlD 
tDI 
tR 


UfO 
r, 


tlW 


Vw 
----MI- 
(8) 
r, 


6427 
FHD 
F03 


Notes: 
(6) Typical values are for TA = 25°C and nominal supply voltage. 
(7) This parameter 
is periodically sampled and not 100% tested. 
(8) 
MI in the A.C. timing diagram refers to the minimum incremental change in the Vw output due to a change in the wiper position. 


x 
xL 


Vcc Range 
Blank = VCC = 5V ±10% 
3 = VCC = 3V to 5.5V 


Temperature 
Range 
Blank = ooe to +lOoe 
I = -40°C to +85°e 
M = -55°C to +125°C 


Package 
P = 8-Lead Plastic DIP 
S = 8-Lead sOle 
v = 8-Lead TSSOP 
-- 


End to End Resistance 
W = 10KQ 


X 
L:..-- 
P = 8-Lead Plastic DIP 
Blank = 8-Lead sOle 


Blank = 5V ±10%, ooe to lOoe 
I = 5V ±10%, -40°C to +85°e 
D = 3V to 5.5V, ooe to lOoe 
E = 3V to 5.5V, -40°C to +85°e 


LIMITED WARRANTY 


Devices 
sold by Xicor, 
Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms of Sale o~ly. Xicor, 
Inc. makes no warranty, 


express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent infringement. 
Xicor, Inc. makes no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 
prices at any time and without 
notice. 


Xicor, Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more ot the following 
U.S. Patents: 4,263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 
4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 
967; 4,883, 
976. Foreign 
patents and 
additional 
patents 
pending. 


LIFE RELATED 
POLICY 


In situations 
where 
semiconductor 
component 
failure may endanger 
life, system designers 
using this product should design the system 
with appropriate 
error 


detection 
and correction, 
redundancy 
and back-up 
features 
to prevent such an occurence. 


Xicor's 
products 
are not authorized 
for use in critical components 
in life support devices 
or systems. 


1. Life support 
devices 
or systems 
are devices 
or systems 
which, (a) are intended 
for surgical 
implant 
into the body, or (b) support 
or sustain 
life, and whose 


failure to perform, 
when properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 


injury to the user. 


2. A critical 
component 
is any component 
of a life support 
device or system 
whose failure to perform 
can be reasonably 
expected 
to cause the failure of the life 


support 
device 
or system, 
or to affect its safety or effectiveness. 


APPLICATION 
NOTES 


AVAILABLE 


AN42 • AN44-48 
• ANSO • ANS2 • ANS3 • AN73 


Terminal Voltage ±5V, 32 Taps 
icor 
® 


PushPot™ Potentiometer 
(Push Button Controlled) 


DESCRIPTION 


• Push Button Controlled 
• Low Power CMOS 


-Active 
Current, 3mA Max 


-Standby 
Current, 2001lA Max 


• 31 Resistive 
Elements 


-Temperature 
Compensated 


-120% 
End to End Resistance Range 


--5V 
to +5V Range 


• 32 Wiper Tap Points 


-Wiper 
Positioned 
via Two Push Button Inputs 


-Slow 
& Fast'Scan Modes 


-AUTOSTORE@ 
Option 


-Manual 
Store Option 


-Wiper 
Position 
Stored in Nonvolatile 


Memory and Recalled on Power-Up 


• 100 Year Wiper Position 
Data Retention 


• X9511Z= 1KQ 
• X9511W = 10KQ 
• Packages 
-8-Lead 
SOIC 


-8-Pin 
DIP 


The Xicor X9511 is a push button controlled, potentiom- 
eter and is ideal for push button controlled resistance 
trimming. 


The X9511 is a resistor array composed of 31 resistive 
elements. Between each element and at either end are 
tap pointsaccessibleto the wiper element. The position of 
the wiper element iscontrolled by the PU and PD inputs. 
The positionofthe wiper can be automatically stored in E2 
memory and then be recalled upon a subsequent power- 
on operation. 


The resolution of the X9511 is equal to the maximum 
• 
resistance value divided by 31. As an example, for the 
j 


X9511W (10Kil) each tap point represents 323il. 


All Xicor nonvolatile products are designed and tested 
for applications requiring extended endurance and data 
retention. 


5-BIT 


EEPROM 
MEMORY 


STORE AND 
RECALL 


CONTROL 
CIRCUITRY 


ONE 


OF 
THIRTY- 
TWO 
DECODER 


VH and VL 


The high (VH) and low (VL) terminals 
of the X9511 
are 


equivalent 
to the fixed terminals 
of a mechanical 
potenti- 


ometer. The minimum 
voltage is-5V 
and the maximum 
is 
+5V. It should be noted that the terminology 
of VL and VH 


references 
the relative position 
of the terminal 
in relation 


to wiper movement 
direction 
selected 
by the PU and PD 


inputs and not the voltage 
potential 
on the terminal. 


PU 


The debounced 
PU input is for incrementing 
the wiper 


position. 
An on-chip 
pull-up holds the PU input HIGH. 
A 


switch closure 
to ground 
or a LOW logic level will, after 
a debounce 
time, 
move the wiper to the next adjacent 


higher tap position. 


PD 


The debounced 
PD input is for decrementing 
the wiper 
position. 
An on-chip 
pull-up holds the PD input HIGH. 
A 


switch closure 
to ground 
or a LOW logic level will, after 
a debounce 
time, 
move the wiper to the next adjacent 
lower tap position. 


ASE 


The debounced 
ASE (AUTOSTORE 
enable) 
pin can be 


in one of two states: 


VIL - 
AUTOSTORE 
is enabled. 
When 
Vcc 
powers- 


down an automatic 
store cycle takes place. 


VIH - AUTOSTORE 
is disabled. 
A LOW to HIGH will 


initiate a manual 
store operation. 
This is for a user who 


wishes 
to connect 
a push button switch to this pin. 
For 
every valid push, the X9511 
will store the current 
wiper 
position 
to the E2PROM. 


DIP/sOle 


PU 
1 
8 
vcc 
PD 
2 
7 
ASE 


vH 
3 
X9511 
6 
vL 
VSS 
4 
5 
Vw 


3067 
ILL F02.1 


Symbol 
Description 


VH 
High Terminal 


Vw 
Wiper Terminal 


VL 
Low Terminal 


Vss 
Ground 


Vcc 
Supply 
Voltage 


PU 
Push Up Input 


PD 
Push Down 
Input 


ASE 
AUTOSTORE 
Enable 
Input 


DEVICE OPERATION 


There are three sections 
of the X9511: the input 


control, counter and decode section; the E2PROM 
memory; and the resistor array. The input control 
section operates just like an up/down counter. The 
output of this counter is decoded to turn on a single 
electronic switch connecting a point on the resistor array 
to the wiper output. Under the proper conditions the 
contents of the counter can be stored in E2PROM 
memory and retained for future use. The resistor array 
is comprised of 31 individual resistors connected in 
series. At either end of the array and between each 
resistor 
is an electronic 
switch that transfers 
the 


potential at that point to the wiper. 


The X9511 is designed to interface directly to two push 
button switches for effectively moving the wiper up or 
down. The PU and PO inputs increment or decrement a 
5-bit counter respectively. The output of this counter is 
decoded to select one of the thirty-two wiper positions 
along the resistive array. The wiper increment input, PU 
and the wiper decrement input, PO are both connected 
to an internal pull-up so that they normally remain HIGH. 
When pulled LOW by an external push button switch or 
a logic LOW level input, the wiper will be switched to the 
next adjacent tap position. 


Internal debounce circuitry prevents inadvertent switch- 
ing of the wiper position if PU or PO remain LOW for less 
than 40ms, typical. Each of the buttons can be pushed 
either once for a single incremenVdecrement orcontinu- 
ously for a multiple increments/decrements. The num- 
ber of increments/decrements 
of the wiper position 


Typical circuit with ASE store pin controlled by 
push button switch 


VH_3_ 
vw 
5 


VL 
6 


vss 


depend on how long the button is being pushed. When 
making a continuous push, after the first second, the 
incremenVdecrement speed increases. For the first 
second the device will be in the slow scan mode. Then 
if the button is held for longer than 1 second the device 
will go into the fast scan mode. As soon as the button is 
released the X9511 will return to a standby condition. 


The wiper, when at either fixed terminal, acts like its 
mechanical equivalent and does not move beyond the 
last position. That is, the counter does not wrap around 
when clocked to either extreme. 


AUTOSTORE 


The value of the counter is stored in E2PROM memory 
whenever the chip senses a power-down of Vcc while 
ASE is enabled (held LOW). When power is restored, 
• 
the content of the memory is recalled and the counter 
• 
reset to the last value stored. 


If AUTOSTORE is to be implemented, ASE is typically 
hard wired to Vss. IfASE is held HIGH during power-up 
and then taken LOW, the wiper will not respond to the PU 
or PO inputs until ASE is brought HIGH and held HIGH. 


Manual (Push Button) Store 


When ASE is not enabled (held HIGH) a push button 
switch may be used to pull ASE LOW and released to 
perform a manual store of the wiper position. 


RToTALwith Vcc Removed 


The end to end resistance of the array will fluctuate once 
Vcc is removed. 


Typical circuit with ASE store pin used in 
AUTOSTOREmode 


ABSOLUTE MAXIMUM RATINGS· 
Temperature under Bias 
-65°C to +135°C 


Storage Temperature 
-65°C to +150°C 


Voltage on PU, PO, and VCC 
with Respect to VSS 
-1 V to +7V 


Voltage on VH and VL 
Referenced to VSS 
-8V to +8V 


t1.V= IVWVLI 


X9511Z 
4V 


X9511W 
10V 


Lead Temperature (Soldering 10 seconds) 
300°C 


Wiper Current 
±1mA 


Electrical Characteristics 


End·to-End Resistance Tolerance 
±20% 
Power Rating at 25°C 


X9511Z 
16mW 


X9511W 
10mW 


Wiper Current 
±1mA Max. 


Typical Wiper Resistance 
40n at 1mA 


Typical Noise 
<-120dBHHz 
Ref: 1V 


Resolution 


Resistance 
3% 


Linearity 


Absolute Linearity(1) 
±1.0 MI(2) 


Relative Linearity(3) 
±0.2 MI(2) 


·COMMENT 
Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
This is a stress rating only and the functional operation 
of the device at these or any other conditions above 
those listed in the operational sections of this specifica- 
tion is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


Temperature Coefficient 


-40°C to +85°C 
X9511Z 
+600 ppm/oC Typical 


X9511W 
+300 ppm/oC Typical 


Ratiometric Temperature Coefficient 
±20 ppm 


Wiper Adjustability 


Unlimited Wiper Adjustment (Non-Store operation) 
Wiper Position Store Operations 
100,000 


Data Changes 


Physical Characteristics 


Marking Includes 
Manufacturer's Trademark 
Resistance Value or Code 
Date Code 


Notes: 
(1) 
Absolute Linearity is utilized to determine actual wiper voltage versus expected voltage 
; (Vw(n)(actual) - Vw(n)(expected)); 
±1 MI Maximum. 
(2) 
1 MI; 
Minimum Increment; 
RTOT/31. 


(3) 
Relative Linearity is a measure of the error in step size between taps; 
VW(n+1)- [Vw(n) + Mil; 
+0.2 MI. 


SYMBOL TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 


steady 
steady 


JlT 


May change 
Will change 


from LOW 
from LOW 
to HIGH 
to HIGH 


~ 


May change 
Will change 


from HIGH 
from HIGH 
to LOW 
to LOW 


XXXX 


Don't Care: 
Changing: 


Changes 
State Not 


Allowed 
Known 


~ 


N/A 
Center Line 
is High 
Impedance 


4-42 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


Supply 
Voltage 


X9511 


Limits 


5V±10% 


3067 
PGM 
T04.1 


Limits 


Symbol 
Parameter 
Min. 
Typ.(4) 
Max. 
Units 
Test Conditions 


Ice 
Vee Active 
Current 
1 
3 
mA 
PU or PO held at VIL the other at 


VIH 


19B 
Standby 
Supply Current 
100 
200 
IlA 
PU = PO = V1H 


III 
PU, PO, ASE Input 
10 
!J.A 
VIN = Vss to Vee 
Leakage 
Current 


VIH 
PU, PO, ASE Input 
2 
Vee + 1 
V 
HIGH Voltage 


VIL 
PU, PO, ASE Input 
-1 
0.8 
V 
LOW Voltage 


Rw 
Wiper 
Resistence 
40 
100 
Q 
Max. Wiper 
Current 
±1 mA 


VVH 
VH Terminal 
Voltage 
-5 
+5 
V 


VVL 
VL Terminal 
Voltage 
-5 
+5 
V 


CIN(5) 
ASE, 
PU, PO Input 
10 
pF 
Vee = 5V, VIN = OV, 


Capacitance 
T A = 25°C, f = 1MHz • 


Part Number 
Maximum 
Resistance 
Wiper 
Increments 
Minimum 
Resistance 


X9511Z 
1KQ 
32.3Q 
40Q 


X9511W 
10KQ 
323Q 
40Q 


Notes: 
(4) 
Typical values are for TA = 25°C and nominal supply voltage. 
(5) 
This parameter 
is periodically sampled and not 100% tested. 


Limits 


Symbol 
Parameter 
Min. 
Typ'(6) 
Max. 
Units 


tGAP 
Time 
Between 
Two 
Separate 
Push 
Button 
Events 
a 
~s 


tDS 
Debounce 
Time 
30 
60 
ms 


ts SLOW 
After 
Debounce 
to Wiper 
Change 
on a Slow 
Mode 
100 
250 
375 
ms 


ts FAST(7) 
Wiper 
Change 
on a Fast 
Mode 
25 
50 
75 
ms 


tpu(7) 
Power 
Up to Wiper 
Stable 
500 
~s 


tR Vcc(7) 
Vcc 
Power-up 
Rate 
0.2 
50 
mV/~s 


tASTO(7) 
AUTOSTORE 
Cycle 
Time 
2 
ms 
VASTH(7) 
AUTOSTORE 
Threshold 
Voltage 
4 
V 


VASEND(7) 
AUTOSTORE 
Cycle 
End Voltage 
3.5 
V 


Notes: 
VASTH- AUTOSTORE threshold voltage 
VASEND- AUTOSTORE cycle end voltage 
tASTO- AUTOSTORE cycle time 
(6) Typical values are for TA = 25°C and nominal supply voltage. 
(7) This parameter is periodically sampled and not 100% tested. 


• 


x 
T 
Temperature 
Range 


Blank = Commercial 
= DOCto +7DoC 
I = Industrial 
= -4DoC to +85°C 
M = Military = -55°C 
to + 125°C 


Package 
P = 8-Lead 
Plastic 
DIP 


S = 8-Lead 
SOIC 


End to End Resistance 
Z = 1KQ 
W = 1DKQ 


LIMITED WARRANTY 


Devices 
sold by Xicor, Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms of Sale only. Xicor, 
Inc. makes no warranty, 
express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent 
infringement. 


Xicor, Inc. makes no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 
prices at any time and without 
notice. 


Xicor, Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4.263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 


4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 967; 4,883, 
976. Foreign 
patents 
and 
additional 
patents pending. 


LIFE RELATED 
POLICY 
In situations 
where 
semiconductor 
component 
failure may endanger 
life, system 
designers 
using this product should design the system 
with appropriate 
error 
detection 
and correction, 
redundancy 
and back-up 
features 
to prevent 
such an occurence. 


Xicor's 
products 
are not authorized 
for use in critical components 
in life support devices or systems. 


1. Life support 
devices 
or systems 
are devices 
or systems 
which, (a) are intended 
for surgical 
implant into the body, or (b) support 
or sustain 
life, and whose 
failure to perform, 
when properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 
injury to the user. 


2. A critical component 
is any component 
of a life support 
device or system whose failure to perform 
can be reasonably 
expected 
to cause the failure of the life 
support 
device or system, 
or to affect its safety or effectiveness. 


ApPLICATION 
NOTES 


AVAILABLE 


AN42 • AN44-50 
• AN52 • AN53 • AN73 
iCOP 
® 


PushPot™ Potentiometer 
(Push Button Controlled) 


DESCRIPTION 


• Push Button Controlled 
• Low Power CMOS 
-Active 
Current, 3mA Max 
-Standby 
Current, 200lJAMax 
• 31 Resistive Elements 
-Temperature 
Compensated 
-±20% 
End to End Resistance Range 
- 
-5V to +5V Range 
• 32 Wiper Tap Points 
-Logarithmic 
Taper 
-Wiper 
Positioned via Two Push Button Inputs 
-Slow 
& Fast Scan Modes 
-AUTOSTORE@ Option 
-Manual 
Store Option 
-Wiper 
Position Stored in Nonvolatile 
Memory and Recalled on Power-Up 
• 100Year Wiper Position Data Retention 
• X9514W= 10Kn 
• Packages 
-8-Pin 
DIP 
-8-Lead 
SOIC 


The Xicor X9514 is a push button controlled, 
logarithmic 
taper 
potentiometer 
and is ideal for push 
button 
con- 
trolled 
resistance 
trimming. 


The X9514 
is a resistor array composed 
of 31 resistive 
elements. 
Between 
each element 
and at either end are 
tap points accessible 
to the wiper element. The position of 
the wiper element is controlled 
by the PU and PO inputs. 


The position of the wiper can be automatically 
stored in E2 


memory and then be recalled upon a subsequent 
power- 


on operation. 


All Xicor nonvolatile 
products 
are designed 
and tested 
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for applications 
requiring 
extended 
endurance 
and data 
retention. 


5-BIT 
EEPROM 
MEMORY 


ONE 
OF 
THIRTY- 
TWO 
DECODER 


STORE AND 
RECALL 
CONTROL 
CIRCUITRY 


PIN DESCRIPTIONS 


VH and VL 


The high (VH) and low (VL) terminals 
of the X9514 
are 
equivalent 
to the fixed terminals 
of a mechanical 
potenti- 


ometer. The minimum 
voltage is -5V and the maximum 
is 
+5V. It should be noted that the terminology 
of VL and VH 
references 
the relative position of the terminal 
in relation 


to wiper movement 
direction 
selected 
by the PU and PO 
inputs and not the voltage 
potential 
on the terminal. 


PU 


The debounced 
PU input is for incrementing 
the wiper 


position. 
An on-chip 
pull-up holds the PU input HIGH. 
A 


switch closure 
to ground 
or a LOW logic level will, after 


a debounce 
time, 
move the wiper to the next adjacent 


higher tap position. 


PO 


The debounced 
PO input is for decrementing 
the wiper 


position. 
An on-chip 
pull-up holds the PO input HIGH. 
A 


switch closure 
to ground 
or a LOW logic level will, after 


a debounce 
time, 
move the wiper to the next adjacent 
lower tap position. 


ASE 


The debounced 
ASE (AUTOSTORE 
enable) 
pin can be 
in one of two states: 


V1L - 
AUTOSTORE 
is enabled. 
When 
Vcc 
powers- 


down an automatic 
store cycle takes place. 


V1H - 
AUTOSTORE 
is disabled. 
A LOW to HIGH will 
initiate a manual 
store operation. 
This is for a user who 


wishes to connect 
a push button switch to this pin. 
For 


every valid push, the X9514 
will store the current wiper 


position 
to the E2PROM. 


Typical 
Attenuation 
Characteristics 
(dB) 


o 


Symbol 
Description 


VH 
High Terminal 


Vw 
Wiper 
Terminal 


VL 
Low Terminal 


Vss 
Ground 


Vcc 
Supply 
Voltage 


PU 
Push Up Input 


PO 
Push Down 
Input 


ASE 
AUTOSTORE 
Enable 
Input 
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TAP POSITION 


There are three sections 
of the X9514: the input control, 
counter 
and decode 
section; the E2PROM memory; 
and 


the resistor array. The input control section operates just 
like an up/down 
counter. 
The output 
of this counter 
is 
decoded 
to turn on a single electronic 
switch connecting 
a point on the resistor 
array to the wiper output. 
Under 


the proper conditions 
the contents 
of the counter 
can be 


stored in E2PROM 
memory 
and retained for future use. 


The resistor array is comprised 
of 31 individual 
resistors 


connected 
in series. 
At either 
end 
of the 
array 
and 


between 
each resistor 
is an electronic 
switch that trans- 


fers the potential 
at that point to the wiper. 


The X9514 
is designed 
to interface 
directly to two push 


button 
switches 
fbr effectively 
moving 
the wiper 
up or 


down. The PU and PO inputs increment 
or decrement 
a 


5-bit counter 
respectively. 
The output 
of this counter 
is 


decoded 
to select 
one of the thirty-two 
wiper positions 


along the resistive 
array. The wiper increment 
input, PU 


and the wiper decrement 
input, PO are both connected 


to an internal 
pull-up so that they normally 
remain HIGH. 
When pulled LOW by an external 
push button switch or 


a logic LOW level input, the wiper will be switched 
to the 


next adjacent 
tap position. 


Internal debounce 
circuitry 
prevents 
inadvertent 
switch- 


ing of the wiper position 
if PU or PO remain LOW for less 


than 40ms, 
typical. 
Each of the buttons 
can be pushed 


either once for a single incremenVdecrement 
orcontinu- 


ously for a multiple 
increments/decrements. 
The num- 


ber 
of 
increments/decrements 
of the 
wiper 
position 


depend 
on how long the button 
is being pushed. 
When 


Typical circuit with ASE store pin controlled by 
push button switch 


8 
vcc 
VH _3_ 


1 
vw 
5 


20KO 
PU 
6 
2 
PD 
VL 
7 
ASE 
vss 


~ 
~ 
~ 
]JJ 


6487 
ILL F05a 


making 
a continuous 
push, 
after the first second, 
the 


incremenVdecrement 
speed 
increases. 
For 
the 
first 


second 
the device will be in the slow scan mode. Then 
if the button is held for longer than 1 second 
the device 
will be in the fast scan mode. As soon as the button 
is 
released 
the X9514 
will return to a standby 
condition. 


The wiper, 
when 
at either 
fixed 
terminal, 
acts 
like its 
mechanical 
equivalent 
and does not move beyond 
the 
last position. 
That is, the counter 
does not wrap around 
when clocked 
to either extreme. 


AUTOSTORE 


The value of the counter 
is stored 
in E2PROM 
memory 
whenever 
the chip senses 
a powers-down 
of Vcc while 
ASE is enabled 
(held LOW). 
When 
power 
is restored, 


the content 
of the memory 
is recalled 
and the counter 
reset to the last value stored. 


If AUTOSTORE 
is to be implemented, 
ASE is typically 


hard wired to Vss. If ASE is held HIGH during 
power up 
and then taken LOW, the wiper will not 
respond 
to the 
PU or PO inputs 
until ASE 
is brought 
HIGH 
and held 
HIGH. 


Manual (Push Button) Store 


When 
ASE 
is not enabled 
(held 
HIGH) 
a push button 
switch 
may be used to pull ASE LOW and released 
to 
perform 
a manual 
store of the wiper 
position. 


RrorAl with Vcc Removed 


The end to end resistance 
of the array will fluctuate 
once 
Vcc 
is removed. 


Typical circuit with ASE store pin used in 
AUTOSTOREmode 


1 
PO 
2 
PO 


7 
ASE 
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ABSOLUTE 
MAXIMUM 
RATINGS' 


Temperature under Bias 
-65°C to +135°C 


Storage Temperature 
-65°C to +150°C 


Voltage on PU, PO, ASE and Vcc 


with Respect to Vss 
-1 V to +7V 


Voltage on VH and VL Referenced to VSS 
/,;V= IVH-VLI 
10V 
Lead Temperature (Soldering 10 seconds) 
300°C 


Wiper Current 
±1mA 


Electrical 
Characteristics 


End-to-End Resistance Tolerance 
±20% 
Power Rating at 25°C 


X9514W 
10mW 


Wiper Current 
±1mA Max. 


Typical Wiper Resistance 
40Q at 1mA 


Typical Noise 
< -120dBHHz 
Ref: 1V 


Relative 
Variation 


Relative variation is a measure of the error in step size 
between taps = 10g(Vw(n))- 10g(Vw(n-1))= 0.08±0.05 
for tap n = 2 - 31 


'COMMENT 
Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
This is a stress rating only and the functional operation 
of the device at these or any other conditions above 
those listed in the operational sections of this specifica- 
tion is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


Temperature 
Coefficient 


(-40°C to +85°C) 
X9514W 
+600 ppm/oC Typical 


Ratiometric Temperature Coefficient 
±20 ppm 


Wiper 
Adjustability 


Unlimited Wiper Adjustment (Non-Store operation) 
Wiper Position Store Operations 
100,000 


Data Changes 


Physical 
Characteristics 


Marking Includes 
Manufacturer's Trademark 
Resistance Value or Code 
Date Code 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


Supply Voltage 


X9514 


Limits 


5V ±10% 


Limits 


Symbol 
Parameter 
Min. 
Typ.(4) 
Max. 
Units 
Test Conditions 


Icc 
Vcc 
Active 
Current 
1 
3 
mA 
PU or PD held at VIL the others at VIH 


IS8 
Standby 
Supply Current 
200 
~ 
PU=PO=VH 


III 
ASE, PU, PO Input 
10 
~ 
VIN = Vss to Vcc 
Leakage 
Current 


VIH 
ASE, 
PU, PO Input 
2 
Vcc 
+ 1 
V 
HIGH Voltage 


VIL 
ASE, 
PU, PO Input 
-1 
0.8 
V 
LOW Voltage 


Rw 
Wiper 
Resistance 
40 
100 
Q 
Max. Wiper 
Current 
±1 mA 


VVH 
VH Terminal 
Voltage 
-5 
+5 
V 


VVL 
VL Terminal 
Voltage 
-5 
+5 
V 


CIN(5) 
ASE, 
PU, PO Input 
10 
pF 
Vcc 
= 5V, VIN = OV, 


Capacitance 
TA = 25°C, f = 1MHz 


STANDARD PARTS 


Part Number 
Wiper Increments 


Log Taper 
X9514W 
10KQ 


Notes: (4) Typicalvaluesare for TA = 25°Cand nominalsupplyvoltage. 


(5) This parameteris periodicallysampledand not 100% tested. 


INPUTS 
OUTPUTS 


Mustbe 
Will be 
steady 
steady 


Maychange 
Will change 
from LOW 
from LOW 
to HIGH 
to HIGH 


Maychange 
Will change 


from HIGH 
from HIGH 
to LOW 
to LOW 


Don'tCare: 
Changing: 


Changes 
State Not 
Allowed 
Known 


N/A 
CenterLine 
is High 
Impedance 


• 


Limits 


Symbol 
Parameter 
Min. 
Typ.(6) 
Max. 
Units 


tGAP 
Time 
Between 
Two 
Separate 
Push 
Button 
Events 
0 
Ils 


tos 
Debounce 
Time 
60 
ms 


tSSLOW 
After 
Debounce 
to Wiper 
Change 
on a Slow 
Mode 
100 
250 
375 
ms 


ts FAST(7) 
Wiper 
Change 
on a Scan 
Mode 
25 
50 
75 
ms 


tpu(7) 
Power 
Up to Wiper 
Stable 
500 
Ils 


tR Vcc(7) 
Vcc 
Power-up 
Rate 
0.2 
50 
mV/lls 


tASTd7) 
AUTOSTORE 
Cycle 
Time 
2 
ms 


VASTH(7) 
AUTOSTORE 
Threshold 
Voltage 
4 
V 


VASENO(7) 
AUTOSTORE 
Cycle 
End Voltage 
3.5 
V 


Notes: 
VASTH- AUTOSTORE threshold voltage 
VASEND- AUTOSTORE cycle end voltage 
tASTO- AUTOSTORE cycle time 
(6) Typical values are for TA = 25°C and nominal supply voltage. 
(7) This parameter is periodically sampled and not 100% tested. 


I--- 1 Second 


• 


x 
T 
Temperature 
Range 
Blank = Commercial = O°Cto +70°C 
I = Industrial = -40°C to +85°C 
M = Military = -55°C to +125°C 


Package 
P = 8-Lead Plastic DIP 
S = 8-Lead SOIC 


End to End Resistance 
w= 
10KQ 


LIMITED WARRANTY 


Devices 
sold by Xicor, 
Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms of Sale only. Xicor, 
Inc. makes 
no warranty, 
express, 
statutory, 
implied, 
or by description 
regarding 
the infonnation 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent 
infringement. 


Xicor, Inc. makes no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 
prices at any time and without 
notice. 


Xicor, Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4.263.664; 
4.274.012; 
4.300,212; 
4.314.265; 
4,326.134; 
4.393.481; 
4,404.475; 


4,450,402; 
4.486.769; 
4,488,060; 
4.520,461; 
4.533.846; 
4.599.706; 
4.617.652; 
4.668.932; 
4.752.912; 
4.829. 482; 4.874. 
967; 4.883. 976. Foreign 
patents 
and 


additional 
patents 
pending. 


LIFE RELATED 
POLICY 


In situations 
where semiconductor 
component 
failure 
may endanger 
life, system designers 
using this product should design the system 
with appropriate 
error 
detection 
and correction, 
redundancy 
and back-up 
features 
to prevent such an occurence. 


Xicor's 
products 
are not authorized 
for use in critical components 
in life support devices 
or systems. 


1. Life support 
devices 
or systems 
are devices 
or systems 
which, (a) are intended 
for surgical 
implant 
into the body, or (b) support 
or sustain 
life, and whose 


failure to perform, 
when properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 
injury to the user. 


2. A critical component 
is any component 
of a life support 
device or system 
whose failure to perform 
can be reasonably 
expected 
to cause the failure 
of the life 


support 
device 
or system, 
or to affect its safety or effectiveness. 


APPLICATION 
NOTES 


AVAILABLE 


AN20 • AN42 • AN44-48 
• ANSO • ANS2 • ANS3 • AN73 
iCOP 
® 


• Two E2POTs in One Package 
• Two-Wire Serial Interface 
• Register Oriented Format 
-Directly 
Write Wiper Position 
-Read 
Wiper Position 
-Store 
as Many as Four Positions per Pot 
• Instruction Format 
-Quick 
Transfer of Register Contents to 
Resistor Array 
• Low Power CMOS 
• Direct Write Cell 
-Endurance 
- 100,000 Writes per Register 
-Register 
Data Retention - 100 years 
• 8 Bytes of E2pROM memory 
• 3 Resistor Array Values 
-2KQ 
to 50KQ Mask Programmable 
• Resolution: 64 Taps each Pot 
• 20-Pin Plastic DIP and 20-Lead SOIC Packages 


DESCRIPTION 


The X9221 integrates 
two nonvolatile 
E2POpM 
digitally 
controlled 
potentiometers 
on a monolithic 
CMOS micro- 
circuit. 


The 
X9221 
contains 
two 
resistor 
arrays, 
each 
com- 


posed of 63 resistive 
elements. 
Between 
each element 
and at either end are tap points accessible 
to the wiper 
elements. 
The position of the wiper element 
on the array 
is controlled 
by the user through 
the two-wire 
serial bus 
interface. 


Each resistor array has associated 
with it a wiper counter 
4 


register and four 8-bit data registers 
that can be directly 
written 
and read by the user. The contents 
of the wiper 
counter 
register 
control 
the position 
of the wiper on the 
resistor 
array. 


The data register may be read or written by the user. The 
contents 
of the data registers 
can be transferred 
to the 
wiper counter 
register to position 
the wiper. The current 
wiper 
position 
can 
be transferred 
to 
anyone 
of its 


associated 
data registers. 


SCl 
SDA 
AO 


A1 
A2 
A3 


INTERFACE 
AND 
CONTROL 
CIRCUITRY 


WIPER 
COUNTER 
REGISTER 
(WCR) 


WIPER 
COUNTER 
REGISTER 
(WCR) 


RESISTOR 
ARRAY 
POT 1 


Serial 
Clock 
(SCL) 


The SCL input is used to clock data into and out of the 
X9221. 


Serial 
Data (SDA) 


SDA is a bidirectional 
pin used to transfer 
data into and 


out of the device. 
It is an open drain output and may be 


wire-ORed 
with 
any 
number 
of open 
drain 
or open 


collector 
outputs. 
An open drain output requires the use 


of a pull-up 
resistor. 
For selecting 
typical 
values, 
refer 


to the guidelines 
for calculating 
typical 
values 
on the 


bus pull-up 
resistors 
graph. 


Address 


The Address 
inputs are used to set the least significant 


4 bits of the 8-bit slave 
address. 
A match 
in the slave 


address 
serial 
data 
stream 
must 
be 
made 
with 
the 


Address 
input in orderto 
initiate communication 
with the 


X9221 


VH (VHO - VH1), VL (VLO - Vu) 


The 
VH and VL inputs 
are equivalent 
to the terminal 


connections 
on either 
end of a mechanical 
potentiom- 


eter. 


Vw (Vwo - VW1) 


The wiper outputs 
are equivalent 
to the wiper output of 


a mechanical 
potentiometer. 


PIN CONFIGURATION 


DIP/SOIC 


vwo 
20 
VCC 
VlO 
2 
19 
RES 
VHO 
3 
18 
RES 


AO 
4 
17 
RES 


A2 
5 
16 
A1 
X9221 
VW1 
6 
15 
A3 
Vl1 
7 
14 
SCl 


VH1 
8 
13 
RES 
SDA 
9 
12 
RES 
VSS 
10 
11 
RES 


3079 ILLF01.' 


Symbol 
Description 


SCL 
Serial 
Clock 


SDA 
Serial 
Data 


AD-A3 
Address 


VHO-VH1, VLO-VU 
Potentiometers 
(terminal 
equivalent) 


VWO-VW1 
Potentiometers 
(wiper equivalent) 


RES 
Reserved 
(Do not connect) 


PRINCIPLES 
OF OPERATION 


The X9221 is a highly integrated 
microcircuit 
incorporat- 


ing two resistor 
arrays, 
their 
associated 
registers 
and 


counters 
and the serial 
interface 
logic providing 
direct 


communication 
between the host and the E2POT poten- 


tiometers. 


Serial 
Interface 


The X9221 supports 
a bidirectional 
bus oriented 
proto- 


col. The 
protocol 
defines 
any device 
that 
sends 
data 


onto the bus as a transmitter 
and the receiving 
device as 
the 
receiver. 
The 
device 
controlling 
the transfer 
is a 


master and the device being controlled 
is the slave. The 


master will always initiate data transfers 
and provide the 


clock for both transmit 
and receive 
operations. 
There- 


fore, the X9221 
will be considered 
a slave device 
in all 


applications. 


Clock 
and 
Data Conventions 


Data states on the SDA line can change only during SCL 
LOW periods (tLOW)' SDA state changes during SCL HIGH 
are reserved for indicating start and stop conditions. 


Start 
Condition 


All commands 
to the X9221 
are preceded 
by the start 
condition, 
which 
is a HIGH 
to LOW 
transition 
of SDA 


while 
SCL 
is HIGH 
(tHIGH)' The 
X9221 
continuously 


monitors 
the SDA and SCL lines for the start condition 


and will not respond to any command 
until this condition 


is met. 


Stop 
Condition 


All communications 
must be terminated 
by a stop con- 


dition, which 
is a LOW to HIGH transition 
of SDA while 


SCL is HIGH. 


Acknowledge 


Acknowledge is a software convention used to provide 
a positive handshake between the master and slave 
devices on the bus to indicate the successful receipt of 
data. The transmitting device, either the master or the 
slave, will release the SDA bus after transmitting eight 
bits. The master generates a ninth clock cycle and 
during this period the receiver pulls the SDA line LOW to 
acknowledge that it successfully received the eight bits 
of data. See Figure 7. 


The X9221 will respond with an acknowledge after 
recognition of a start condition and its slave address and 
once again after successful receipt of the command 
byte. If the command is followed by a data byte the 
X9221 will respond with a final acknowledge. 


Array Description 


The X9221 is comprised of two resistor arrays. Each 
array contains 63 discrete resistive segments that are 
connected in series. The physical ends of each array are 
equivalent to the fixed terminals of a mechanical poten- 
tiometer (VH and VL inputs). 


At both ends of each array and between each resistor 
segment is a FET switch connected to the wiper (Vw) 
output. Within each individual array only one switch may 
be turned on at a time. These switches are controlled by 
the Wiper Counter Register (WCR). The six least signifi- 
cant bits of the WCR are decoded to select, and enable, 
one of sixty-four switches. 


The WCR may be written directly, or it can be changed 
by transferring the contents of one of four associated 
data registers into the WCR. These data registers and 
the WCR can be read and written by the host system. 


Device Addressing 


Following a start condition the master must output the 
address of the slave it is accessing. The most significant 
four bits of the slave address are the device type 
identifier (refer to Figure 1 below). For the X9221 this is 
fixed as 0101[8]. 


Figure 1. Slave Address 


I 
D 
: 
1 
: 
D 
: 
1 
: 
A3 
: 
A2 
: 
A1 
: 
AD I 


The next four bits of the slave address are the device 
address. The physical device address is defined by the 
state of the AO-A3 inputs. The X9221 compares the 
serial data stream with the address input state; a suc- 
cessful compare of all four address bits is required for 
the X9221 to respond with an acknowledge. 


Acknowledge Polling 


The disabling of the inputs, during the internal non- 
volatile write operation, can be used to take advantage 
of the typical 5ms E2PROM write cycle time. Once the 
stop condition is issued to indicate the end of the 
nonvolatile write command the X9221 initiates the inter- 
nalwrite cycle. ACK polling can be initiated immediately. 
This involves issuing the start condition followed by the 
device slave address. If the X9221 is still busy with the 
write operation noACKwili be returned.lftheX9221 
has 
4 


completed the write operation an ACK will be returned 
and the master can then 
proceed 
with the next 


operation. 


Instruction 
Structure 


The next byte sent to the X9221 contains 
the instruction 


and register 
pointer 
information. 
The four most signifi- 


cant bits are the instruction. 
The next four bits point to 


one of two pots and when applicable 
they point to one of 


four associated 
registers. 
The format 
is shown below in 


Figure 
2. 


POTENT[OMETER 
SELECT 
,.....-'---. 


113 
: 12 : [1 : 10 : 
0 
: PO : R1 : RO I 
~~,-~ 
REG[STER 


SELECT 


The four high order bits define the instruction. 
The sixth 


bit (PO) selects 
which 
one of the two potentiometers 
is 


to be affected 
by the instruction. 
The last two bits (R1 


and RO) select one of the four registers that is to be acted 
upon when a register 
oriented 
instruction 
is issued. 


Four of the nine instructions 
end with the transmission 
of 


the instruction 
byte. The basic sequence 
is illustrated 
in 


Figure 
3. These 
two-byte 
instructions 
exchange 
data 


between 
the 
WCR 
and 
one 
of the 
data 
registers. 
A 


transfer 
from a data register 
to a WCR 
is essentially 
a 


write to a static RAM. The response 
of the wiper to this 


action 
will be delayed 
tSTPWV. A transfer 
from WCR's 


current 
wiper 
position 
to a data 
register 
is a write 
to 


nonvolatile 
memory 
and 
takes 
a minimum 
of tWR to 


complete. 
The transfer 
can occur between 
either poten- 


tiometer 
and their associated 
registers 
or it may occur 


between 
both of the potentiometers 
and 
one 
of their 


associated 
registers. 


Four 
instructions 
require 
a three-byte 
sequence 
to 


complete. 
These instructions 
transfer 
data between 
the 


host and the X9221; either between 
the host and one of 


the data registers 
or directly 
between 
the host and the 


WCR. 
These 
instructions 
are: 
Read 
WCR, 
read 
the 


current 
wiper position 
of the selected 
pot; Write WCR, 


change 
current wiper position 
of the selected 
pot; Read 


Data Register, 
read the contents 
of the selected 
non- 


volatile 
register; 
Write Data Register, 
write a new value 


to the selected 
data register. 
The sequence 
of opera- 


tions is shown 
in Figure 4. 


The 
Increment/Decrement 
command 
is different 
from 


the other commands. 
Once the command 
is issued and 


the X9221 
has responded 
with 
an acknowledge, 
the 


master can clock the selected 
wiper 
up and/or 
down in 


one 
segment 
steps; 
thereby, 
providing 
a fine 
tuning 


capability 
to the host. For each SCL clock pulse (tH[GH) 


while 
SDA is HIGH, 
the selected 
wiper 
will move 
one 


resistor 
segment 
towards 
the VH terminal. 
Similarly, 
for 


each SCL clock pulse while SDA is LOW, the selected 
wiper 
will move 
one resistor 
segment 
towards 
the VL 
terminal. 
A detailed 
illustration 
of the 
sequence 
and 


timing 
for this operation 
are shown 
in Figures 
5 and 6 


respectively. 
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Instruction Format 
Instruction 
b 
12 
h 
10 
0 
Po 
R1 
Ro 
Operation 
Read WCR 
1 
0 
0 
1 
0 
1/0 
N/A(7) 
N/A 
Read the contents of the Wiper Counter 
Register pointed to by Po 


WriteWCR 
1 
0 
1 
0 
0 
1/0 
N/A 
N/A 
Write new value to the Wiper Counter 
Register pointed to by Po 


Read Data 
1 
0 
1 
1 
0 
1/0 
1/0 
1/0 
Read the contents of the Register 


Register 
pointed to by Po and R1-RO 


Write Data 
1 
1 
0 
0 
0 
1/0 
1/0 
1/0 
Write new value to the Register 


Register 
pointed to by Po and R1-Ro 
XFR Data Reg- 
1 
1 
0 
1 
0 
1/0 
1/0 
1/0 
Transfer the contents of the Register 


isterto WCR 
pointed to by Po and R1-Ro 
to its associated WCR 


XFR WCR to 
1 
1 
1 
0 
0 
1/0 
1/0 
1/0 
Transfer the contents of the WCR 
Data Register 
pointed to by Poto the Register 
pointed to by R1-RO 
Global XFR Data 
0 
0 
0 
1 
N/A 
N/A 
1/0 
1/0 
Transfer the contents of all four Data 


Register to WCR 
Registers pointed to by R1-Ro to their 
respective WCR 
Global XFR WCR 
1 
0 
0 
0 
N/A 
N/A 
1/0 
1/0 
Transfer the contents of all WCRs 
to Data Register 
to their respective data Registers 
pointed to by R1-Ro 
Increment/Decre- 
0 
0 
1 
0 
0 
1/0 
N/A 
N/A 
Enable Increment/decrement of the 


ment Wiper 
WCR pointed to by Po 


DATA 


OUTPUT 
FROM 


TRANSMITIER 
'C--------~-~7 


\~~l 


DATA 
OUTPUT 


FROM 


RECEIVER 


Both E2POT 
potentiometers 
share the serial interface 


and share a common 
architecture. 
Each potentiometer 


is comprised 
of a resistor array, a wiper counter 
register 


and 
four 
data 
registers. 
A detailed 
discussion 
of the 


register 
organization 
and array operation 
follows. 


Wiper 
Counter 
Register 


The X9221 contains 
two wiper counter 
registers 
(WCR), 
one for each 
E2POT 
potentiometer. 
The WCR can be 


envisioned 
as a 6-bit parallel and serial load counter with 


its outputs 
decoded 
to select one of sixty-four 
switches 


along its resistor 
array. The contents 
of the WCR can be 


altered in four ways: it may be written directly by the host 
via the Write 
WCR 
instruction 
(serial 
load); 
it may be 


written 
indirectly 
by transferring 
the contents 
of one of 


four associated 
data registers via the XFR Data Register 


instruction 
(parallel 
load); it can be modified 
one step at 


a time by the Increment! 
Decrement 
instruction; 
finally, 


it is loaded with the contents 
of its data register zero (RD) 
upon power-up. 


The WCR 
is a volatile 
register; 
that is, its contents 
are 
lost when 
the X9221 
is powered-down. 
Although 
the 
register 
is automatically 
loaded 
with 
the 
value 
in RD 


upon power-up, 
it should 
be noted this may be different 


from the value present 
at power-down. 


Data Registers 


Each potentiometer 
has four nonvolatile 
data registers. 


These 
can be read or written 
directly 
by the host and 
data can be transferred 
between 
any of the four data 


registers and the WCR. It should be noted all operations 
changing 
data in one of these 
registers 
is a nonvolatile 


operation 
and will take a maximum 
of 1Dms. 


If the application 
does 
not require 
storage 
of multiple 


settings 
for the potentiometer, 
these 
registers 
can be 
used as regular 
memory 
locations 
that could 
possibly 
• 
store system 
parameters 
or user preference 
data. 
• 


SERIAL DATA PATH 
SERIAL 
VH 


FROM INTERFACE 
BUS 


CIRCUITRY 
INPUT 


8 
PARAllEL 
C 
BUS 
0 
INPUT 
U 
N 
WIPER 
T 


COUNTER 
E 
REGISTER 
R 


D 
E 
C 


INC/DEC 
0 


lOGIC 
D 
IF WCR ; OO[H]THEN vw; Vl 
UP/DN 
UP/DN 
E 


IF WCR ; 3F[H] THEN VW ; VH 
MODIFIED SCl 
ClK 


Vl 


ABSOLUTE 
MAXIMUM 
RATINGS' 
Temperature 
under 
Bias 
-65°C 
to +135°C 


Storage 
Temperature 
-65°C 
to +150°C 


Voltage 
on SCK, SCL or any Address 
Input 


with Respect 
to V ss 
-1 V to +7V 


Voltage 
on any VH or VL Referenced 
to Vss 
±8V 


!:>.V= IVWVLI 
16V 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


RECOMMENDED 
OPERATING 
CONDITIONS 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


'COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 


indicated in the operational 
sections of this specification 
is 


not implied. Exposure to absolute 
maximum 
rating condi- 


tions for extended 
periods 
may affect device reliability. 


Supply 
Voltage 


X9221 


Limits 


5V ±10% 


3079 
PGM 
T03.1 


3079 
PGM 
T02 
ANALOG 
CHARACTERISTICS 
(Over recommended 
operating 
conditions 
unless otherwise 
stated.) 


Limits 


Symbol 
Parameter 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


RTOTAL 
End to End Resistance 
-20 
+20 
% 


Power 
Rating 
50 
mW 
25°C, each pot 


Iw 
Wiper 
Current 
-1 
+1 
mA 


Rw 
Wiper 
Resistance 
40 
100 
Q 
Wiper 
Current 
= ± 1mA 


VTERM 
Voltage 
on any VH or 
-5 
+5 
V 


or VL Pin 


Noise 
~120dB 
-{HZ 
Ref: 1V 


Resolution 
1.6 
% 


Absolute 
Linearity 
(1) 
-1 
+1 
MI(3) 
Vw(n)(actual)- Vw(n)(expected) 


Relative 
Linearity 
(2) 
-0.2 
+0.2 
MJ(3) 
Vw(n + 1) - [Vw(n) + Mil 


Temperature 
Coefficient 
±300 
ppmfOC 


Limits 


Symbol 
Parameter 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


Ice 
Supply 
Current 
(Active) 
3 
mA 
fseL = 100KHz, 
SDA = Open, 


Other 
Inputs = Vss 


IS8 
Vee Current 
(Standby) 
200 
500 
J.l.A 
SCL=SDA=Vee, 
Addr.= Vss 


III 
Input Leakage 
Current 
10 
~A 
VIN = Vss to Vee 


ILO 
Output 
Leakage 
Current 
10 
J.l.A 
VOUT = Vss to Vee 


VIH 
Input HIGH Voltage 
2 
Vee + 1 
V 


VIL 
Input LOW Voltage 
-1 
0.8 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL = 3mA 


Notes: (1) AbsoluteLinearityis utilizedto determineactualwipervoltageversusexpectedvoltageas determinedby wiper 
positionwhen usedas a potentiometer. 


(2) RelativeLinearityis utilizedto determinethe actualchangein voltagebetweentwo successivetap positionswhen usedas a 


potentiometer.It is a measureof the errorin stepsize. 
(3) MI = RTOT/63 
or (VH - VLl/63, singlepot 


Parameter 
Min. 
Units 


Minimum 
Endurance 
100,000 
Data 
Changes 
per 
Register 


Data 
Retention 
100 
Years 


Symbol 
Parameter 
Max. 
Units 
Test Conditions 


CI/O(5) 
Input/Output 
Capacitance 
(SDA) 
8 
pF 
VI/a 
= OV 


CIN(5) 
Input 
Capacitance 
(AO, A 1, A2, 
A3 
and 
SCl) 
6 
pF 
VIN= 
OV 


Symbol 
Parameter 
Max. 
Units 


tpUR(6) 
Power-up 
to 
Initiation 
of Read 
Operation 
1 
ms 


tpUW(6) 
Power-up 
to 
Initiation 
of Write 
Operation 
5 
ms 


Input Pulse Levels 
VccxO.1 
toVccxO.9 


Input 
Rise 
and 


Fall 
Times 
10ns 


Input 
and 
Output 


Timing 
levels 
VCC x 0.5 


3079 
PGM TOO 


Notes: 
(5) 
This parameter 
is periodically sampled and not 100% 


tested. 
(6) 
tpUR and tpuw are the delays required from the time 
VCC is stable until the specified operation can be 
initiated. These parameters are periodically sampled 
and not 100% tested. 


SYMBOL TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 


-.1!lT 


May change 
Will change 
from LOW 
from LOW 
to HIGH 
to HIGH 


~ 


May change 
Will change 
from HIGH 
from HIGH 
to LOW 
to LOW 
= 


Don't Care: 
Changing: 


Changes 
State Not 
Allowed 
Known 
H 


N/A 
Center Line 
is High 
Impedance 


<H33 


• 


5V 


I1533Q 


SDA OUTPUT --i 


r100PF 


Guidelines for Calculating 
Typical Values of Bus Pull-Up Resistors 


120 


R 
- Vcc MAX -1 8Ka 


100 
MIN- 
--- 
-. 
a 
I 
10LMIN 


~ 
80 
tR 
w 
RMAx=-- 
0 
I 
CSUS 
z 
60 
MAX. 
~ 
RESISTANCE 


(j) 
(jj 
40 


wcr: 
20 


0 
--- 
---- 
--- 


0 
20 
40 
60 
80 
100 
120 


BUS CAPACITANCE 
(pF) 


3079 
ILL F17 


Limits 
Reference 


Symbol 
Parameter 
Min. 
Max. 
Units 
Figure 


fSCL 
SCL Clock 
Frequency 
0 
100 
KHz 
10 


tLQW 
Clock LOW Period 
4700 
ns 
10 


tHIGH 
Clock 
HIGH Period 
4000 
ns 
10 


tR 
SCL and SDA Rise Time 
1000 
ns 
10 


tF 
SCL and SDA Fall Time 
300 
ns 
10 


Ti 
Noise Suppression 
Time Constant 
100 
ns 
10 


(Glitch 
Filter) 


tSU:STA 
Start Condition 
Setup Time (for a Repeated 
4700 
ns 
10 & 12 


Start Condition) 


tHD:STA 
Start Condition 
Hold Time 
4000 
ns 
10 & 12 


tSU:DAT 
Data in Setup Time 
250 
ns 
10 


tHD:DAT 
Data in Hold Time 
0 
ns 
10 


tAA 
SCL LOW to SDA Data Out Valid 
300 
3500 
ns 
11 


tDH 
Data Out Hold Time 
300 
ns 
11 


tSU:STO 
Stop Condition 
Setup Time 
4700 
ns 
10 & 12 


tSUF 
Bus Free Time Prior to New Transmission 
4700 
ns 
10 


tWR 
Write 
Cycle Time (Nonvolatile 
Write Operation) 
10 
ms 
13 


tSTPWV 
Wiper 
Response 
Time From Stop Generation 
1000 
~s 
13 


tCLWV 
Wiper 
Response 
From SCL LOW 
500 
~s 
6 


tR VCC 
Vcc 
Power-up 
Rate 
0.2 
50 
mV/~s 


____ 
ICLOCK8 \ 
/ 
CLOCK9\ 
/-S-T-O-P---- ----- ---- -----S-c-A-RT--- 
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X9221T 


T 
V1LVccL;m;" 
Blank = 5V ±10% 


Temperature 
Range 
Blank = Commercial = O°Cto +70°C 
I = Industrial = -40°C to +85°C 
M = Military = -55°C to +125°C 


Package 
P = 20-Lead Plastic DIP 
S = 20-Lead SOIC 


Potentiometer 
Organization 
Pot 0 Pot 1 
Y = 
2K 
2K 
W = 10K 
10K 
U = 50K 
50K 


LIMITED WARRANTY 


Devices 
sold by Xicor, 
Inc. are covered 
by the warranty 
and patent 
indemnification 
provisions 
appearing 
in its Terms 
of Sale only. Xicor, 
Inc. makes 
no warranty, 
express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent 
infringement. 


Xicor, 
Inc. makes 
no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, 
Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 
prices 
at any time and without 
notice. 


Xicor, 
Inc. assumes 
no responsibility 
for the use of any circuitry other than circuitry embodied 
in a Xicor, 
Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4,263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 


4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874,967; 
4,883, 976. Foreign 
patents 
and 


additional 
patents 
pending. 


LIFE RELATED 
POLICY 


In situations 
where 
semiconductor 
component 
failure 
may endanger 
life, system 
designers 
using this product 
should 
design 
the system 
with appropriate 
error 


detection 
and correction, 
redundancy 
and back-up 
features 
to prevent 
such an occurence. 


Xicor's 
products 
are not authorized 
for use in critical components 
in life support 
devices 
or systems. 


1. Life support 
devices 
or systems 
are devices 
or systems 
which, 
(a) are intended 
for surgical 
implant 
into the body, or (b) support 
or sustain 
life, and whose 
failure 
to perform, 
when 
property 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 


injury to the user. 
2. A critical component 
is any component 
of a life support device or system 
whose failure to perform 
can be reasonably 
expected 
to cause the failure 
of the life 


support 
device 
or system, 
or to affect 
its safety 
or effectiveness. 
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Xicor's New X9241 Quad Potentiometer Allows Factory 
Automation of 64 Potentiometer Adjustments via a 
Digital Two Wire Serial Bus 


F 
orcomplex systems requiring 
multiple adjustment 
capability, 
Xicor offers the new X9241, Quad 
E2POT. In addition to retaining wiper 
positions 
without 
power, 
the X9241 
offers a two-wire 
serial interface for 
controlling 
the 
potentiometers 
independently 
or simultaneously 
using 
microprocessor 
control 
commands. 
A user programmable 
address allows up to 16 devices to be 
software controlled 
via the common 
two wire serial bus. 


X9241 
ckV~ 
POT 0 
POT 0 
4x8 
IWCRO~ 
V~ 
SCL- 
EEPROM 


VWO 


SDA- 
eck'" 


SERIAL 
POT 1 
POT 1 
4x8 
WCR1 
VL1 
INTERFACE 
EEPROM 


VW1 


AND 


AO 
- 
eck'" 


CONTROL 
POT 2 
POT 2 
4x8 
WCR2 
VL2 
A1 
- 
LOGIC 
EEPROM 


VW2 


A2 
- 
eck'" 


POT 3 
POT3 


4x8 


WCR3 
VL3 
A3 
- 
EEPROM 


VW3 


Quad E2POT Development System 
PC based system automates production adjustments of system potentiometers 


R 


aster 
analog circuit checkout 
and calibration 
is 


made possible 
by Xicor's new XK9241W Quad 
E2POT De- 


velopment 
System. This system 
consists 
of an X9241 evaluation 
board, interface cables and software 
which allows a design engi- 


neer to control all functions 
of the Xicor X9241 Quad E2POT from 


a menu 
driven 
system 
on a IBM PC Compatible 
computer. 
The 


XK9241W Development 
System 
allows 
the design 
engineer 
to 


place the X9241 in a target analog system and perform 
all adjust- 
ments 
and configuration 
needed 
to recognize 
the features 
and 


benefits 
of the Quad E2POT. 


The XK9241 PC based development 
system can also be used in 


production 
environments 
to automate 
potentiometer 
adjustments 
for initial system calibration. 


The XK9241 supports 
all versions 
of the X9241 family. 
It can 


simultaneously 
control 
up to 16 different 
Quad 
E2POTs on the 


same 
two-wire 
bus to effectively 
allow 
adjustment 
of 64 indi- 


vidual E2POTs. 
Orders for the XK9241W can be placed with any 


authorized 
Xicor distributor. 


The XK9241 can be used in a production environment to 
optimize the settings of the E2pOT. 


ApPLICATION 
NOTES 
AND DEVELOPMENT 
SYSTEM 
AVAILABLE 


AN20· 
AN42-48· 
ANSD-S3 • AN73 • XK9241 
iCOP 
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FEATURES 


• Four E2POTsin One Package 
• Two-Wire Serial Interface 
• Register Oriented Format 


-Directly 
Write Wiper Position 


-Read 
Wiper Position 


-Store 
as Many as Four Positions per Pot 


• Instruction Format 


-Quick 
Transfer of Register Contents to 


Resistor Array 


-Cascade 
Resistor Arrays 


• Low Power CMOS 
• Direct Write Cell 


-Endurance 
- 100,000Data Changes per Register 


-Register 
Data Retention -100 years 


• 16 Bytes of E2PROMmemory 
• 3 Resistor Array Values 


-2Kn 
to 50Kn Mask Programmable 


-Cascadable 
For Values of soon to 200Kn 
• Resolution: 64 Taps each Pot 
• 20-Pin Plastic DIP, 20-Lead TSSOPand 


20-Lead SOIC Packages 


DESCRIPTION 


The X9241 
integrates 
four nonvolatile 
E2POT 
digitally 
controlled 
potentiometers 
on a monolithic 
CMOS micro- 
circuit. 


The 
X9241 
contains 
four 
resistor 
arrays, 
each 
com- 


posed of 63 resistive 
elements. 
Between 
each element 


and at either end are tap points accessible 
to the wiper 


elements. 
The position 
of the wiper element 
on the array 
is controlled 
by the user through 
the two-wire 
serial bus 


interface. 


Each resistor array has associated 
with it a wiper counter 
4 


register and four 8-bit data registers 
that can be directly 


written 
and read by the user. The contents 
of the wiper 


counter 
register 
control 
the position 
of the wiper on the 


resistor 
array. 


The data register may be read or written by the user. The 
contents 
of the data registers 
can be transferred 
to the 


wiper counter 
register to position 
the wiper. The current 


wiper 
position 
can 
be transferred 
to 
anyone 
of its 


associated 
data registers. 


The arrays may be cascaded 
to form resistive 
elements 


with 127, 190 or 253 taps. 


WIPER 


COUNTER 
REGISTER 


(WCR) 


SCL 
SDA 


AD 


A1 
A2 


A3 


INTERFACE 


AND 


CONTROL 
CIRCUITRY 


WIPER 


COUNTER 
RESISTOR 


ARRAY 


REGISTER 
POT 2 
(WCR) 
VL2 
VW2 


RESISTOR 
ARRAY 
POT 1 
VL1 
VW1 


WIPER 
RESISTOR 
COUNTER 
REGISTER 
ARRAY 
POT 3 
(WCR) 
VL3 
VW3 


Serial Clock (SCl) 


The SCL input is used to clock data into and out of the 
X9241. 


Serial Data (SDA) 


SDA is a bidirectional pin used to transfer data into and 
out of the device. It is an open drain output and may be 
wire-ORed with any number of open drain or open 
collector outputs. An open drain output requires the use 
of a pull-up resistor. For selecting typical values, refer 
to the guidelines for calculating typical values on the 
bus pull-up resistors graph. 


Address 


The Address inputs are used to set the least significant 
4 bits of the 8-bit slave address. A match in the slave 
address serial data stream must be made with the 
Address input in orderto initiate communication with the 
X9241. 


VH (VHO - VH3), VL (VLO - VL3) 


The VH and VL inputs are equivalent to the terminal 
connections on either end of a mechanical potentiom- 
eter. 


Vw (Vwo - VW3) 


The wiper outputs are equivalent to the wiper output of 
a mechanical potentiometer. 


PIN CONFIGURATION 


DIP/SOle 


VWO 
1 
20 
VCC 


VlO 
2 
19 
VW3 
VHO 
3 
18 
Vl3 


AD 
4 
17 
VH3 


A2 
5 
16 
A1 
X9241 
VW1 
6 
15 
A3 
Vl1 
7 
14 
SCl 


VH1 
8 
13 
VW2 
SDA 
9 
12 
Vl2 
VSS 
10 
11 
VH2 


3864ILlF01.1 


Symbol 
Description 


SCL 
Serial Clock 
SDA 
Serial Data 
AO-A3 
Address 


VHO-VH3,VlO-Vl3 
Potentiometers 
(terminal equivalent) 


VWO-VW3 
Potentiometers 
(wiper equivalent) 


The X9241 isa highly integrated microcircuit incorporat- 
ing four resistor arrays, their associated registers and 
counters and the serial interface logic providing direct 
communication between the host and the E2POT poten- 
tiometers. 


Serial Interface 


The X9241 supports a bidirectional bus oriented proto- 
col. The protocol defines any device that sends data 
onto the bus as atransmitter and the receiving device as 
the receiver. The device controlling the transfer is a 
master and the device being controlled is the slave. The 
master will always initiate data transfers and provide the 
clock for both transmit and receive operations. There- 
fore, the X9241 will be considered a slave device in all 
applications. 


Clock and Data Conventions 


Data states on the SDA line can change only during 
SCL LOW periods (tLOW)'SDA state changes during 
SCL HIGH are reserved for indicating start and stop 
conditions. 


Start Condition 


All commands to the X9241 are preceded by the start 
condition, which is a HIGH to LOW transition of SDA 
while SCL is HIGH (tHIGH)'The X9241 
continuously 


monitors the SDA and SCL lines for the start condition 
and will not respond to any command until this condition 
is met. 


Stop Condition 


All communications must be terminated by a stop con- 
dition, which is a LOW to HIGH transition of SDA while 
SCL is HIGH. 


Acknowledge 


Acknowledge is a software convention used to provide 
a positive handshake between the master and slave 
devices on the bus to indicate the successful receipt of 
data. The transmitting device, either the master or the 
slave, will release the SDA bus after transmitting eight 
bits. The master generates a ninth clock cycle and 
during this period the receiver pulls the SDA line LOW to 
acknowledge that it successfully received the eight bits 
of data. See Figure 7. 


The X9241 
will respond with an acknowledge after 


recognition of a start condition and its slave address and 
once again after successful receipt of the command 
byte. If the command is followed by a data byte the 
X9241 will respond with a final acknowledge. 


Array Description 


The X9241 
is comprised of four resistor arrays. Each 


array contains 63 discrete resistive segments that are 
connected in series. The physical ends of each array are 
equivalent to the fixed terminals of a mechanical poten- 
tiometer (VH and VL inputs). 


At both ends of each array and between each resistor 
segment is a FET switch connected to the wiper (Vw) 
output. Within each individual array only one switch may 
be turned on at a time. These switches are controlled by 
the Wiper Counter Register (WCR). The six least signifi- 
cant bits of the WCR are decoded to select, and enable, 
one of sixty-four switches. 


The WCR may be written directly, or it can be changed 
by transferring the contents of one of four associated 
data registers into the WCR. These data registers and 
the WCR can be read and written by the host system. 


Device Addressing 


Following a start condition the master must output the 
address of the slave it is accessing. The most significant 
four bits of the slave address are the device type 
identifier (refer to Figure 1 below). For the X9241 this is 
fixed as 0101[8]. 


Figure 1. Slave Address 


DEVICE TYPE 


IDENTIFIER 


I 
0 
: 
1 
: 
0 
: 
1 
: A3 
: A2 
: A1 
: AD I 


DEVICE ADDRESS 


3864 
FHD 
FOB 


The next four bits of the slave address are the device 
address. The physical device address is defined by the 
state of the AO-A3 inputs. The X9241 
compares the 


serial data stream with the address input state; a suc- 
cessful compare of all four address bits is required for 
the X9241 to respond with an acknowledge. 


Acknowledge Polling 


The disabling of the inputs, during the internal non- 
volatile write operation, can be used to take advantage 
of the typical 5ms E2PROM write cycle time. Once the 
stop condition is issued to indicate the end of the 
nonvolatile write command the X9241 initiates the inter- 
nalwrite cycle. ACK polling can be initiated immediately. 
This involves issuing the start condition followed by the 
device slave address. If the X9241 is still busy with the 
write operation noACK will be returned. Ifthe X9241 has 
• 
completed the write operation an ACK will be returned 
and the master can then 
proceed 
with 
the next 


operation. 


NONVOLATILE 
WRITE 
COMMAND 
COMPLETED 
ENTER ACK POLLING 


Instruction 
Structure 


The next byte sent to the X9241 contains the instruction 
and register pointer information. The four most signifi- 
cant bits are the instruction. The next four bits point to 
one of four pots and when applicable they point to one 
of four associated registers. The format is shown below 
in Figure 2. 


113 
: 
12 
: 
11 
: 
10 
: P1 
: 
PO 
: R1 
: RO I 


The four high order bits define the instruction. The next 
two bits (P1 and PO) select which one of the four 
potentiometers is to be affected by the instruction. The 
last two bits (R1 and RO)select one of the four registers 
that isto be acted upon when a register oriented instruc- 
tion is issued. 


Four of the nine instructions end with the transmission of 
the instruction byte. The basic sequence is illustrated in 
Figure 3. These two-byte instructions exchange data 
between the WCR and one of the data registers. A 
transfer from a data register to a WCR is essentially a 
write to a static RAM. The response of the wiper to this 


action will be delayed tSTPwv. A transfer from WCR 
current wiper position, to a data register is a write to 
nonvolatile memory and takes a minimum of tWR to 
complete. The transfer can occur between one of the 
four potentiometers and one of its associated registers; 
or it may occur globally, wherein the transfer occurs 
between all four of the potentiometers and one of their 
associated registers. 


Four instructions require a three-byte 
sequence to 


complete. These instructions transfer data between the 
host and the X9241; either between the host and one of 
the data registers or directly between the host and the 
WCR. These instructions are: Read WCR, read the 
current wiper position of the selected pot; Write WCR, 
change current wiper position of the selected pot; Read 
Data Register, read the contents of the selected non- 
volatile register; Write Data Register, write a new value 
to the selected data register. The sequence of opera- 
tions is shown in Figure 4. 


The Increment/Decrement command is different from 
the other commands. Once the command is issued and 
the X9241 has responded with an acknowledge, the 
master can clock the selected wiper up and/or down in 
one segment steps; thereby, providing a fine tuning 
capability to the host. For each SCl clock pulse (tHIGH) 
while SDA is HIGH, the selected wiper will move one 
resistor segment towards the VHterminal. Similarly, for 
each SCl clock pulse while SDA is lOW, the selected 
wiper will move one resistor segment towards the VL 
terminal. A detailed illustration of the sequence and 
timing for this operation are shown in Figures 5 and 6 
respectively. 
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Instruction Format 
Instruction 
b 
12 
h 
10 
Pl 
Po 
Rl 
Ro 
Operation 
Read WCR 
1 
0 
0 
1 
1/0(7) 
1/0 
N/A(8) 
N/A 
Read the contents of the Wiper Counter 
Register pointed to by Pl-PO 
WriteWCR 
1 
0 
1 
0 
1/0 
1/0 
N/A 
N/A 
Write new value to the Wiper Counter 
Register pointed to by P1-PO 
Read Data 
1 
0 
1 
1 
1/0 
1/0 
1/0 
1/0 
Read the contents of the Register 
Register 
pointed to by Pl-PO and Rl-RO 
Write Data 
1 
1 
0 
0 
1/0 
1/0 
1/0 
1/0 
Write new value to the Register 


Register 
pointed to by Pl-PO and Rl-RO 
XFR Data Reg- 
1 
1 
0 
1 
1/0 
1/0 
1/0 
1/0 
Transfer the contents of the Register 
isterto WCR 
pointed to by P1-PO and R1-Ro 
to its associated WCR 


XFR WCR to 
1 
1 
1 
0 
1/0 
1/0 
1/0 
1/0 
Transfer the contents of the WCR 
Data Register 
pointed to by Pl-PO to the Register 
pointed to by Rl-RO 
Global XFR Data 
0 
0 
0 
1 
N/A 
N/A 
1/0 
1/0 
Transfer the contents of all four Data 


Register to WCR 
Registers pointed to by R1-Ro to their 
respective WCR 


Global XFR WCR 
1 
0 
0 
0 
N/A 
N/A 
1/0 
1/0 
Transfer the contents of all WCRs 
to Data Register 
to their respective data Registers 
pointed to by R1-Ro 


Increment/Decre- 
0 
0 
1 
0 
1/0 
1/0 
N/A 
N/A 
Enable Increment/decrement of the 
ment Wiper 
WCR pointed to by P1-Po 


Notes: 
(7) 
1/0 = data is one or zero 


(8) 
NIA = Not applicable or don't care; that is, a data register is not involved in the operation and need not be addressed 
(typical) 


DATA 


OUTPUT 
FROM 
TRANSMITIER 
c--------~~~7 


\~~f 


DATA 
OUTPUT 
FROM 


RECEIVER 


X9241 


DETAILED OPERATION 


All four E2POT potentiometers 
share the serial interface 


and share a common 
architecture. 
Each potentiometer 


is comprised 
of a resistor array, a wiper counter 
register 


and 
four 
data 
registers. 
A detailed 
discussion 
of the 


register 
organization 
and array operation 
follows. 


Wiper Counter Register 


The X9241 contains 
fourwipercounter 
registers (WCR), 
one for each 
E2POT 
potentiometer. 
The WCR can be 


envisioned 
as a 6-bit parallel and serial load counterwith 


its outputs 
decoded 
to select one of sixty-four 
switches 


along its resistor 
array. The contents 
of the WCR can be 


altered 
in four ways: it may be written directly by the host 


via the Write 
WCR 
instruction 
(serial 
load); 
it may be 


written 
indirectly 
by transferring 
the contents 
of one of 


four associated 
data registers 
via the XFR Data Register 


instruction 
(parallel 
load); it can be modified 
one step at 


a time by the IncremenV 
Decrement 
instruction; 
finally, 
it is loaded with the contents 
of its data register zero (RO) 
upon power-up. 


Figure 8. Detailed Potentiometer Block Diagram 


The WCR 
is a volatile 
register; 
that is, its contents 
are 


lost when 
the X9241 
is powered-down. 
Although 
the 


register 
is automatically 
loaded 
with 
the 
value 
in RO 


upon power-up, 
it should 
be noted this may be different 


from the value present 
at power-down. 


Data Registers 


Each potentiometer 
has four nonvolatile 
data registers. 


These 
can be read or written 
directly 
by the host and 


data can be transferred 
between 
any of the four data 


registers and the WCR. It should be noted all operations 
changing 
data in one of these 
registers 
is a nonvolatile 


operation 
and will take a maximum 
of 10ms. 


If the application 
does 
not require 
storage 
of multiple 


settings 
for the potentiometer, 
these 
registers 
can be 


used as regular 
memory 
locations 
that could 
possibly 
• 
store system 
parameters 
or user preference 
data. 
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MODIFIED SCL 
CLK 
VL 


DW 


CASCADE 
Vw 
CONTROL 
LOGIC 
CM 
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Cascade Mode 


The 
X9241 
provides 
a mechanism 
for cascading 
the 


arrays. 
That is, the sixty-three 
resistor 
elements 
of one 


array 
may be cascaded 
(linked) 
with the resistor 
ele- 


ments of an adjacent 
array. 


Cascade Control Bits 


The data byte, for the three-byte 
commands, 
contains 
6 


bits (LSBs) for defining 
the wiper position 
plus two high 


order bits, CM (Cascade 
Mode) and DW (Disable Wiper). 


The state of CM enables 
or disables 
(normal operation) 


cascade 
mode. When theCM 
bitofthe 
WCR is set to "0" 
the 
potentiometer 
is in the 
normal 
operation 
mode. 
When the CM bit of the WCR is set to "1" the potentiometer 
is cascaded 
with its adjacent 
higher order potentiometer. 


For example; 
if bit 7 of WCR2 
is set to "1 ", pot 2 will be 


cascaded 
to pot 3. 


The state of DW enables 
or disables the wiper. When the 


Figure 9. Cascading Arrays 


DW bit of the WCR 
is set to "0" the wiper 
is enabled; 


when 
set to "1" the wiper 
is disabled. 
If the wiper 
is 


disabled, 
the wiper terminal 
will be electrically 
isolated 


and float. 


When operating 
in cascade 
mode VH, VL and the wiper 


terminals 
of the cascaded 
arrays 
must 
be electrically 


connected 
externally. 
All but one of the wipers 
must be 


disabled. 
The user can alter the wiper position 
by writing 


directly 
to the 
WCR 
or indirectly 
by transferring 
the 


contents 
of the data registers to the WCR or by using the 


IncremenUDecrement 
command. 


When 
using 
the 
IncremenUDecrement 
command 
the 


wiper 
position 
will 
automatically 
transition 
between 


arrays. 
The current 
position 
of the wiper 
can be deter- 


mined by reading the WCR registers; 
if the DW bit is "a", 


the wiper 
in that 
array 
is active. 
If the 
current 
wiper 


position 
is to be maintained, 
a global XFR WCR to Data 


Register 
command 
must be issued before power-down. 
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ABSOLUTE MAXIMUM RATINGS· 
Temperature 
under 
Bias 
-65°C 
to +135°C 


Storage 
Temperature 
-65°C 
to + 150°C 


Voltage 
on SCK, SCL or any Address 
Input 


with Respect 
to Vss...........-1V 
to +7V 


Voltage 
on any VH or VL Referenced 
to Vss.. 
±8V 


/'N = IVWVLI 
16V 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


RECOMMENDED OPERATING CONDITIONS 


·COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 


indicated in the operational 
sections of this specification 
is 


not implied. Exposure to absolute 
maximum 
rating condi- 
tions for extended 
periods may affect device 
reliability. 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


Supply Voltage 


X9241 


Limits 


5V±10% 


3864 
PGM T04.1 


3864 
PGM T03 
ANALOG CHARACTERISTICS (Over recommended 
operating 
conditions 
unless 
otherwise 
stated.) 


Limits 


Symbol 
Parameter 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


RTOTAL 
End to End Resistance 
-20 
+20 
% 


Power 
Rating 
50 
mW 
25°C, each pot 


Iw 
Wiper 
Current 
-1 
+1 
mA 


Rw 
Wiper 
Resistance 
40 
100 
Q 
Wiper 
Current = ± 1mA 


VTERM 
Voltage 
on any VH or 
-5 
+5 
V 


or VL Pin 


Noise 
:S;120dB 
,!HZ 
Ref: 1V 


Resolution 
(4) 
1.6 
0.4 
% 


Absolute 
Linearity 
(1) 
-1 
+1 
MI(3) 
Vw(n)(actual)- Vw(n)(expected) 


Relative 
Linearity 
(2) 
-0.2 
+0.2 
M1(3) 
Vw(n + 1) - [Vw(n) + Mil 


Temperature 
Coefficient 
±300 
ppm/oC 


Limits 


Symbol 
Parameter 
Min. 
Typ. 
Max. 
Umts 
Test Conditions 


Icc 
Supply 
Current 
(Active) 
3 
mA 
fSCL = 100KHz, 
SDA = Open, 


Other 
Inputs = Vss 


IS8 
Vcc Current 
(Standby) 
200 
500 
f!A 
SCL=SDA=Vcc, 
Addr. = Vss 


III 
Input Leakage 
Current 
10 
f!A 
VIN = Vss to Vcc 


ILO 
Output 
Leakage 
Current 
10 
f!A 
VOUT = Vss to Vcc 


VIH 
Input HIGH Voltage 
2 
Vcc + 1 
V 


V1L 
Input LOW Voltage 
-1 
0.8 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL = 3mA 


AbsoluteLinearityis utilizedto determineactualwipervoltageversusexpectedvoltageas determinedby wiper 
positionwhenusedas a potentiometer. 


(2) RelativeLinearityis utilizedto determinethe actualchangein voltagebetweentwo successivetap positionswhen usedas a 
potentiometer.It is a measureof the error in stepsize. 


(3) MI = RTOT/63or (VH - VLl/63,singlepot 
(4) Max.= all four arrayscascadedtogether,Typical= individualarrayresolutions. 
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Parameter 
Min. 
Units 


Minimum 
Endurance 
100,000 
Data 
Changes 
per 
Register 


Data 
Retention 
100 
Years 


Symbol 
Parameter 
Max. 
Units 
Test Conditions 


CI/O(5) 
InpuVOutput 
Capacitance 
(SDA) 
8 
pF 
VI/O = OV 


CIN(5) 
Input 
Capacitance 
(AO, A1, 
A2, 
A3 and 
SCL) 
6 
pF 
VIN= 
OV 


Symbol 
Parameter 
Max. 
Units 


tpUR(6) 
Power-up 
to Initiation 
of Read 
Operation 
1 
ms 


tpUW(6) 
Power-up 
to Initiation 
of Write 
Operation 
5 
ms 


Input Pulse Levels 
Vcc 
x 0.1 to Vcc 
x 0.9 


Input 
Rise 
and 


Fall Times 
10ns 


Input 
and 
Output 


Timing 
Levels 
Vcc 
x 0.5 


3864 
PGM TlO 
Notes: 
(5) This parameter is periodically sampled and not 100% 


tested. 


(6) tpURand tpuw are the delays required from the time 
VCC is stable until the specified operation can be 
initiated. These parameters are periodically sampled 
and not 100% tested. 


5V 


~1533n 


SDA OUTPUT--i 


r100PF 


SYMBOL TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 
JlT 


May change 
Will change 
from LOW 
from LOW 
to HIGH 
to HIGH 


~ 


May change 
Will change 
from HIGH 
from HIGH 


to LOW 
to LOW 
XXXX 


Don't Care: 
Changing: 
Changes 
State Not 


Allowed 
Known 
H 


NIA 
Center Line 
is High 
Impedance 


Guidelines for Calculating 
Typical Values of Bus Pull-Up Resistors 


a 
100 
~ 


UJ 
t) 
Z;:; 


(f) 
U5 
UJ 
cr: 


Limits 
Reference 
Symbol 
Parameter 
Min. 
Max. 
Units 
Figure 


fSCL 
SCL Clock 
Frequency 
0 
100 
KHz 
10 


tLOw 
Clock 
LOW Period 
4700 
ns 
10 


tHIGH 
Clock 
HIGH Period 
4000 
ns 
10 


tR 
SCL and SDA Rise Time 
1000 
ns 
10 


tF 
SCL and SDA Fall Time 
300 
ns 
10 


Ti 
Noise Suppression 
Time Constant 
100 
ns 
10 
(Glitch 
Filter) 


tSU:STA 
Start Condition 
Setup Time (for a Repeated 
4700 
ns 
10 & 12 
Start Condition) 


tHD:STA 
Start Condition 
Hold Time 
4000 
ns 
10 & 12 


tSU:DAT 
Data in Setup Time 
250 
ns 
10 


tHD:DAT 
Data in Hold Time 
0 
ns 
10 


tAA 
SCL LOW to SDA Data Out Valid 
300 
3500 
ns 
11 


tDH 
Data Out Hold Time 
300 
ns 
11 


tSU:STO 
Stop Condition 
Setup Time 
4700 
ns 
10 & 12 


tBuF 
Bus Free Time 
Prior to New Transmission 
4700 
ns 
10 


tWR 
Write Cycle Time (Nonvolatile 
Write Operation) 
10 
ms 
13 


tSTPWV 
Wiper 
Response 
Time From Stop Generation 
500 
JlS 
13 


tCLWV 
Wiper 
Response 
From SCL LOW 
1000 
J.ls 
6 


tR Vcc 
Vcc Power-up 
Rate 
0.2 
50 
mV/J.ls • 


--- 
---- 
------------------------- 
____ 
ICLOCK 
8\ 
/ 
CLOCK 
9\ 
/ 
STOP 


_SDA_1N 
A_ACK _E:__ 
,,,R_------=1_ 


ISTPWV 


X9241 
_T 


T 
Vl= 


Vcc Limits 
Blank = 5V ±10% 


Temperature 
Range 
Blank = Commercial = O°Cto +70°C 
I = Industrial = -40°C to +85°C 
M = Military = -55°C to +125°C 


Package 
P = 20-Lead Plastic DIP 
S = 20-Lead SOIC 
V = 20-Lead TSSOP 


Potentiometer 
Organization 
Pot 0 Pot 1 Pot 2 Pot 3 
Y = 2K 
2K 
2K 
2K 
W = 10K 
10K 
10K 
10K 
U = 50K 
50K 
50K 
50K 
M = 2K 
10K 
10K 
50K 


LIMITED WARRANTY 


Devices 
sold by Xicor, Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms of Sale only. Xicor, 
Inc. makes no warranty, 
express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set fonh herein or regarding 
the treedom 
of the described 
devices 
from patent infringement. 


Xicor, 
Inc. makes no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 


prices at any time and without 
notice. 


XiCOf, Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4,263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 
4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,646; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 
967; 4,883, 
976. Foreign 
patents and 


additional 
patents 
pending. 


LIFE RELATED 
POLICY 


In situations 
where semiconductor 
component 
failure may endanger 
life, system designers 
using this product should design the system 
with appropriate 
error 


detection 
and correction. 
redundancy 
and back-up 
features 
to prevent such an occurrence. 


Xicor's 
products 
are not authorized 
for use in critical components 
in life support devices 
or systems. 
1. Life support 
devices 
or systems 
are devices 
or systems 
which, (a) are intended 
for surgical 
implant 
into the body, or (b) support 
or sustain 
Ilfe. and whose 
failure to perform, 
when properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 
injury to the user. 
2. A critical 
component 
is any component 
of a life support device or system whose failure to perform 
can be reasonably 
expected 
to cause the failure of the life 


support 
device 
or system, 
or to affect its safety or effectiveness. 
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68XX Microcontroller 
Family Compatible 


64K 
X68C64 


E2 Micro-Peripheral 


DESCRIPTION 


The X68C64 is an 8K x 8 E2PROM fabricated with 
advanced CMOS Textured Poly Floating Gate Technol- 
ogy. The X68C64 features a Multiplexed Address and 
Data bus allowing a direct interface to a variety of 
popular single-chip microcontrollers operating in ex- 
panded multiplexed mode without the need for addi- 
tional interface circuitry. 


• CONCURRENT READ WRITE™ 
-Dual 
Plane Architecture 
-Isolates 
Read/Write Functions 


Between Planes 
-Allows 
Continuous Execution of Code 
From One Plane While Writing in 
the Other Plane 


• Multiplexed AddresslData Bus 
-Direct 
Interface to Popular 8-bit 
Microcontrollers, e.g., Motorola M6801/03, 
M68HC11 Family 


• High Performance CMOS 


-Fast 
Access Time, 120ns 


-Low 
Power 


--60mA 
Maximum Active 


-500JlA 
Maximum Standby 


• Software Data Protection 
• Block Protect Register 


-Individually 
Set Write Lock Out in 1K Blocks 


• Toggle Bit Polling 


-Early 
End of Write Detection 


• Page Mode Write 


-Allows 
up to 32 Bytes to be Written in 


One Write Cycle 


• High Reliability 


-Endurance: 
100,000 Write Cycles 


-Data 
Retention: 100 Years 


The X68C64 is internally configured as two independent 
4K x 8 memory arrays. This feature provides the ability 
to perform nonvolatile memory updates in one array and 
continue operation out of code stored in the other array; 
effectively eliminating the need for an auxiliary memory 
device for code storage. 


To write to the X68C64, 
a three-byte 
command 


sequence must precede the byte(s) being written. The 
• 
X68C64 also provides a second generation software 
data protection scheme called Block Protect. Block 
Protect can provide write lockout of the entire device or 
selected 1K blocks. There are eight 1K x 8 blocks that 
can be write protected individually in any combination 
required by the user. Block Protect, in addition to Write 
Controlinput,allowsthe differentsegments ofthe memory 
to have varying degrees of alterability in normal system 
operation. 


1K BYTES 
A12 
1K BYTES 


M 
------- 


1K BYTES 
1K BYTES 
U 
------- 


1KBYTES 
X 
1K BYTES 
------- 


PIN DESCRIPTIONS 


Address/Data (AlDo-AlD7) 


Multiplexed 
low-order 
addresses 
and 
data. 
The 
ad- 


dresses 
flow into the device while AS is HIGH. After AS 


transitions 
from 
a HIGH 
to LOW 
the 
addresses 
are 


latched. 
Once 
the 
addresses 
are 
latched 
these 
pins 


input data or output data depending 
on E, Rm, 
and CEo 


Addresses (As-A12) 


High order 
addresses 
flow into the device 
when AS is 


HIGH and are latched 
when AS goes LOW. 


Chip Enable (CE) 


The Chip Enable input must be HIGH to enable all read/ 
write operations. 
When CE is LOW and AS is LOW, the 


X68C64 
is placed 
in the low power standby 
mode. 


Enable (E) 


When used with a MC6801 
or MC6803, 
the E input is tied 


directly 
to the E output 
of the microcontroller. 


ReadlWrite (RIW) 


When used with a MC6801 
or MC6803, 
the RIW input is 


tied directly 
to the RIW output 
of the microcontroller. 


Address Strobe (AS) 


Addresses 
flow th rough the latches to address decoders 


when AS is HIGH and are latched 
when AS transitions 


from a HIGH to LOW. 


Device Select (SEL) 


Must be connected 
to Vss. 


Write Control (WC) 


The 
Write 
Control 
allows 
external 
circuitry 
to abort 
a 


page load cycle once it has been initiated. 
This input is 


useful in applications 
in which a power failure or proces- 
sor RESET 
could 
interrupt 
a page 
load cycle. 
In this 


case, the microcontroller 
might drive all signals 
HIGH, 
causing 
bad data to be latched 
into the E2PROM. 
If the 


Write 
Control 
input is driven 
HIGH 
(before 
tTSLC Max) 


after ReadlWrite 
(Rm) 
goes HIGH, the write cycle will 


be aborted. 


When 
WC 
is LOW 
(tied to Vss) 
the X68C64 
will be 


enabled 
to perform 
write operations. 
When WC is HIGH 


normal 
read operations 
may be performed, 
but all at- 


tempts 
to write to the device 
will be disabled. 


PIN CONFIGURATION 


DIP/SOle 


NC 
24 
VCC 
A12 
2 
23 
RtW 


NC 
3 
22 
AS 


NC 
4 
21 
AS 


WC 
5 
20 
A9 


SEL 
6 
19 
A11 


X68C64 
AlDO 
7 
18 
E 


AlD1 
8 
17 
A10 


AlD2 
9 
16 
CE 


AlD3 
10 
15 
AlD7 


AlD4 
11 
14 
AlD6 


Vss 
12 
13 
AlD5 


3868 FHD FOU 


PIN NAMES 


Symbol 
Description 


AS 
Address 
Strobe 


AlDo-AlD7 
Address 
Inputs/Data 
I/O 


A8-A12 
Address 
Inputs 


E 
Enable 
Input 


RIW 
ReadlWrite 
Input 


CE 
Chip Enable 


WC 
Write Control 


SEL 
Device 
Select-Connect 
to Vss 


Vss 
Ground 


Vcc 
Supply 
Voltage 


NC 
No Connect 


The X68C64 is a highly integrated peripheral device for 
a wide variety of single-chip 
microcontrollers. 
The 


X68C64 provides 8K bytes of E2PROM which can be 
used either for Program Storage, Data Storage, or a 
combination 
of both in systems 
based upon Von 


Neumann (68XX) architectures. The X68C64 incorpo- 
rates the interface circuitry normally needed to decode 
the control signals and demultiplex the Address/Data 
bus to provide a "Seamless" interface. 


The interface inputs on the X68C64 are configured such 
that it is possible to directly connect them to the proper 
interface 
signals 
of the 
appropriate 
single-chip 


microcontroller. 


The X68C64 is internally organized as two independent 
planes of 4K bytes of memory with the A12 input select- 
ing which of the two planes of memory are to be 
accessed. While the processor is executing code out of 
one plane, write operations can take place in the other 
plane, allowing the processor to continue execution of 
code out of the X68C64 during a byte or page write to the 
device. 


The X68C64 also features an advanced implementation 
of the Software Data Protection scheme, called Block 
Protect, which allows the device to be broken into 8 
independent sections of 1K bytes. Each of these sec- 
tions can be independently enabled for write operations; 
thereby allowing certain sections of the device to be 
secured so that updates can only occur in a controlled 
environment (e.g. in an automotive application, only at 
an authorized service center). The desired set-up con- 
figuration is stored in a nonvolatile register, ensuring the 
configuration data will be maintained after the device is 
powered down. 


The X68C64 also features a Write Control input (WC), 
which serves as an external control over the completion 
of a previously initiated page load cycle. 


The X68C64 
also features 
the industry 
standard 


E2PROM characteristics such a byte or page mode 
write and Toggle Bit Polling. 


Motorola 68XX operation requires the microcontroller's 
AS, E, and RIW outputs tied to the X68C64 AS, E, and 
RIW inputs respectively. 


The falling edge of AS will latch the addresses for both 
a read and write operation. The state of RIW output 
determines the operation to be performed, with the E 
signal acting as a data strobe. 


If RIW is HIGH and CE HIGH (read operation), data will 
be output on AlDo-AlD? 
after E transitions HIGH. 
If 


Rm 
is LOW and CE is HIGH (write operation), data 


presented at AlDo-A/D? will be strobed into the X68C64 
on the HIGH to LOW transition of E. 


Typical 
Application 


pco 
31 


PCl 
32 


PC2 
33 


PC3 
34 


PC4 
35 


PC5 
36 


PC6 
3? 


PC7 
38 


PBO 16 


PBl 
15 


PB2 
14 


PB3 
13 


PB4 
12 


PB7 
9 


AS 
26 


E 
27 


Rm 
28 


24 
- 


7 NOO vcc 
8 NOl 
9 N02 
10 N03 
11 N04 
13 N05 
14 N06 
15 N07 
21 A8 
20 A9 
17 Al0 
19 All 


2 A12 


16 CE 


5 WC 
22 
AS 


18 E 
23 
RiW 


6 SEL 
vss 


X6BC64 
12 


25 MOOA 


24 
MOOB 
• 


CE 
E 
R/W 
Mode 
VO 
Power 


Vss 
X 
X 
Standby 
High Z 
Standby 
(CMOS) 


LOW 
X 
X 
Standby 
High Z 
Standby 
(TIL) 


HIGH 
HIGH 
HIGH 
Read 
DOUT 
Active 


HIGH 
'- 
LOW 
Write 
DIN 
Active 


Regardless 
of the microcontroller 
employed, 
the X68C64 


supports 
page 
mode write 
operations. 
This allows 
the 


microcontroller 
to write from 
one to thirty-two 
bytes of 


data to the X68C64. 
Each individual 
write within a page 


write 
operation 
must conform 
to the byte write timing 


requirements. 
The rising edge of E starts a timer delay- 


ing the internal 
programming 
cycle 
lOO~. 
Therefore, 


each successive 
write operation 
must begin within 1OO~ 


of the last byte written. 
The following 
waveforms 
illus- 


trate the sequence 
and timing 
requirements. 


OPERATION 
BYTE 0 
I 
BYTE 1 
I 
I 


CE 
~ 
\U 


BYTE2 
LAST BYTE 
I 
READ(1)(2) 
I 
I 
I 


I 
I 
\U 
\U 
\U 
,-_:_ 


I 
I 


~ 
A12=n 


I 
I 
I 


~~-A-1-2=-n-~ 


I 
I 
I 
I 


I 
I 


I 
I~.w. 
NextAddress 


I 
I 
I 


Notes: 
(1) For each successive write within a page write cycle As-A12 must be the same. 
(2) Although it is not illustrated, the microcontroller 
may interleave read operations between the individual by1e writes within the page 
write operation. Two responses are possible. 
a. Reading from the same plane being written (A12 of Read = A12 of Write) is effectively a Toggle Bit Polling operation. 
b. Reading from the opposite plane being written (A12 of Read * A12 of Write) true data will be returned, facilitating the use of a 
single memory component 
as both program and data storage. 


Toggle 
Bit Polling 


Because 
the X68C64 
typical nonvolatile 
write cycle time 


is less than the specified 
5ms, Toggle 
Bit Polling 
has 


been 
provided 
to determine 
the 
early 
completion 
of 


write. 
During 
the internal 
programming 
cycle, 1/06 will 


toggle from HIGH to LOW and LOW to HIGH on subse- 
quent 
attempts 
to read the device. 
When 
the internal 


cycle is complete, 
the toggling 
will cease and the device 


will be accessible 
for additional 
read or write operations. 


Due to the dual plane architecture, 
reads for polling must 


occur in the plane that is being written; 
that is, the state 


of A12 during a write must match the state of A12 during 
Toggle 
Bit Polling. 


I 
1/06=X 


I 
IV 


I 
1/06=X 
I 
IV 


I X6SC64 READY FOR 
I 
NEXT OPERATION 


I 
~ /ZZZZ! 
I 
I 
I 
I 


CE -.I 


AJDO-AJD7 
I 
I 
I 
I 
I 
I 
, 
I 
I 
I 
• 


AS-A12 XZX 


A12=n XZKX 


A12=n XZKX 
A12=n!/DX 
A12=n XZKX 


A12=n 'IiJX3 


I 


E 


I 
I 


I 
XX\ 
QXiJ 
'&I 
JiP 


I 


RIW 
'&I 
'&I 
J 


3868 
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SYMBOL 
TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 
JlT 


May change 
Will change 
from LOW 
from LOW 


to HIGH 
to HIGH 


~ 


May chan~e 
Will change 
from HIG 
from HIGH 


to LOW 
to LOW 


YX!X 


Don't Care: 
Chan~ng: 


Changes 
State 
ot 


Allowed 
Known 


~ 


N/A 
Center Line 
is High 
Impedance 


5-5 


DATA PROTECTION 


The X68C64 provides two levels of data protection 
through software control. There isa global software data 
protection feature similar to the industry standard for 
E2PROMs and a new Block Protect write lockout protec- 
tion providing a secondary level of data security. 


Writing with SDP 


X =A'2: 
A'2 = 1 IF DATATO BE WRITTEN IS WITHIN 
ADDRESS 1000TO 1FFF. 
A'2 = 0 IF DATATO BE WRITTEN IS WITHIN 
ADDRESS 0000 TO OFFF. 


Software Data Protection 


Software Data Protection (SDP) is employed to protect 
the entire array against inadvertent writes. To write to 
the X68C64, a three-byte command sequence must 
precede the byte(s) being written. 


All write operations, both the command sequence and 
any data write operations, must conform to the page 
write timing requirements. 


Block Protect Write Lockout 


The X68C64 provides a secondary level of data security 
referred to as Block Protect write lockout. This is ac- 
cessed through an extension of the SDP command 
sequence. Block Protect allows the user to lockout 
writes to any 1Kx 8 blocks of memory. Unlike SDP which 
prevents inadvertent writes, but still allows easy system 
access to writing the memory, Block Protect will lockout 
all attempts unless it is specifically disabled by the host. 
This could be used to set a higher level of protection in 
a system where a portion of the memory is used for 
Program Storage and another portion is used as Data 
Storage. 


Setting write lockout is accomplished by writing a five- 
byte command sequence, opening access to the Block 
Protect Register (BPR). After the fifth byte is written, the 
user writes to the BPR, selecting which blocks to protect 
or unprotect. All write operations, both the command 
sequence and writing the data to the BPR, must conform 
to the page write timing requirements. 


Block Protect Register Format 


BLOCK 
ADDRESS 
000Q--{)3FF 
040Q--{)7FF 
OBOQ--{)BFF 
OCOQ--{)FFF 
100D-13FF 
140D-17FF 
1BOD-1BFF 
1COD-1FFF 


WRITE BPR 
MASK VALUE TO 
ANY ADDRESS 


X =A,2: 


A'2 = 1 IF PROGRAM BEING EXECUTED 
IS 


WITHIN 0000 TO OFFF. 


A'2 = 0 IF PROGRAM 
BEING EXECUTED 


RESIDES WITHIN 1000 TO 1FFF. 


ABSOLUTE MAXIMUM RATINGS· 
Temperature 
under 
Bias 
-65°C 
to +135°C 


Storage 
Temperature 
-65°C 
to +150°C 


Voltage 
on any Pin with 
Respect 
to VSS 
-1V 
to +7V 


D.C. Output 
Current 
5mA 


Lead Temperature 


(Soldering, 
10 seconds) 
300°C 


·COMMENT 
Stresses 
above those listed under "Absolute 
Maximum 


Ratings" 
may cause permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 
indicated 
in the operational 
sections 
of this specification 


is not implied. 
Exposure 
to absolute 
maximum 
rating 


conditions 
for extended 
periods 
may affect device 
reli- 


ability. 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


Supply Voltage 


X68C64 


Limits 


5V±10% 


3868 
PGM 
T04.1 


3868 
PGM TOO.' 
D.C. OPERATING CHARACTERISTICS (Over recommended 
operating 
conditions 
unless 
otherwise 
specified.) 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Icc 
Vcc 
Current 
(Active) 
60 
mA 
CE = VIL, All I/O's = Open, 
Other 
Inputs = Vcc, 
AS = VIH 


ISB1(CMOS) 
Vcc 
Current 
(Standby) 
500 
~A 
CE = Vss, All I/O's = Open,Other 
Inputs = Vcc 
- 0.3V, AS = Vss 


ISB2(TTL) 
Vcc 
Current 
(Standby) 
6 
mA 
CE = VIH, All I/O's = Open, 
Other 


Inputs = VIH, AS = VIL 


III 
• 
Input Leakage 
Current 
10 
~ 
VIN = Vss to Vcc 


ILa 
Output 
Leakage 
Current 
10 
~A 
VOUT = Vss to Vcc, 
E = VIL 
VIL(1) 
Input LOW Voltage 
-1 
0.8 
V 


VIH(1) 
Input HIGH Voltage 
2 
Vcc + 0.5 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL = 2.1mA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH = -400~A 


Symbol 
Test 
Max. 
Units 
Conditions 


CI/O(2) 
Input/Output 
Capacitance 
10 
pF 
VI/O = OV 
CIN(2) 
Input Capacitance 
6 
pF 
VIN= OV 


Symbol 
Parameter 
Max. 
Units 


tpUR(2) 
Power-Up 
to Read 
1 
ms 


tpUW(2) 
Power-Up 
to Write 
5 
ms 


Notes: 
(1) VIL min. and VIH max. are for reference only and are not tested. 
(2) This parameter 
is periodically sampled and not 100% tested. 


• 


Input Pulse Levels 
OV to 3V 


Input Rise and 
Fall Times 
10ns 


Input and Output 
Timing 
Levels 
1.5V 


I100PF 


A.C. CHARACTERISTICS (Over the recommended 
operating 
conditions 
unless otherwise 
specified.) 
E Controlled Read Cycle 


Symbol 
Parameter 
Min. 
Max. 
Units 


PWASH 
Address 
Strobe 
Pulse Width 
80 
ns 


tASL 
Address 
Setup Time 
20 
ns 


tAHL 
Address 
Hold Time 
30 
ns 


tACC 
Data Access 
Time 
120 
ns 


tOHR 
Data Hold Time 
0 
ns 


tCSL 
CE Setup Time 
7 
ns 


PWEH 
E Pulse Width 
150 
ns 


tES 
Enable 
Setup Time 
30 
ns 


tEH 
E Hold Time 
20 
ns 


tRWS 
RIW Setup Time 
20 
ns 


tHZ(3) 
E LOW to High Z Output 
50 
ns 


tLZ(3) 
E HIGH to Low Z Output 
0 
ns 


Symbol 
Parameter 
Min. 
Max. 
Units 


PWASH 
Address 
Strobe 
Pulse Width 
80 
ns 


tASL 
Address 
Setup Time 
20 
ns 


tAHL 
Address 
Hold Time 
30 
ns 


tDSW 
Data Setup Time 
50 
ns 


tDHW 
Data Hold Time 
30 
ns 


tCSL 
CE Setup Time 
7 
ns 


PWEH 
E Pulse Width 
120 
ns 


twc 
Write Cycle Time 
5 
ms 


tES 
Enable 
Setup Time 
30 
ns 


tRWS 
RJW Setup Time 
20 
ns 


tEH 
E Hold Time 
20 
ns 


tSLC 
Byte Load Time (Page Write) 
0.5 
100 
Ils • 


Note: 
(4) 
twc 
is the minimum cycle time to be allowed from the system perspective 
unless polling techniques 
are used. It is the maximum 


time the device requires to automatically 
complete the internal write operation. 


X68C64T 


x 
x 


~ 


Vcc Limits 
Blank = 5V ±1 0% 


Temperature 
Range 
Blank = Commercial 
= O°C to +70°C 


I = Industrial = -40°C 
to +85°C 
M = Military = -55°C 
to +128°C 


Package 
D = 24-Lead 
CERDIP 
P = 24-Lead 
Plastic 
DIP 
S = 24-Lead 
Plastic SOIC 


LIMITED WARRANTY 


Devices 
sold by Xicor, Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms of Sale only. Xicor, Inc. makes no warranty, 
express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent 
infringement. 


Xicor, Inc. makes no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 
prices at any time and without 
notice. 


Xicor, 
Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more 01the following 
U.S. Palenls: 
4,263,664; 
4,274,012; 
4,300,212; 
4.314,265; 
4,326.134; 
4,393,481; 
4,404,475; 
4,450,402; 
4.486,769; 
4,488.060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617.652; 
4,668,932; 
4.752,912; 
4,829. 482; 4,874, 967; 4,883, 976. Foreign 
palents 
and 


additional 
patents 
pending. 


LIFE RELATED 
POLICY 


In situations 
where semiconductor 
component 
failure may endanger 
life, system designers 
using this product should design the system 
with appropriate 
error 


detection 
and correction, 
redundancy 
and back-up 
features 
to prevent such an occurence. 


Xicor's products 
are not authorized 
for use in critical components 
in life support devices 
or systems. 
1. Life support 
devices 
or systems 
are devices 
or systems 
which, (a) are intended 
for surgical 
implant 
into the body, or (b) support 
or sustain 
life, and whose 
failure to perform, 
when properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 


injury to the user. 


2. A critical component 
is any component 
of a life support device or system 
whose failure to perform 
can be reasonably 
expected 
to cause the failure 
of the life 


support 
device or system, 
or to affect its safety or effectiveness. 


ApPLICATION 
NOlCS 
AND DEVELOPMENT 
SYSlCM 
AVAILABLE 


AN62 • AN64 • AN66· 
AN68· 
AN74 • XK68 


68HC11 Microcontroller 
Family Compatible 


64K 
X68C64 SLIC® E2 


FEATURES 


SLlC(SELF LOADING INTEGRATED CODE) 
FIRMWARE 


• Automatically 
Downloads User's Software into 
68HC11 Based Systems 
• Features Load, Verify, and Block Protection 
Capabilities 
• Transfers Baud Rate 9600 at 8MHz 
• Concurrent Read Write™ 
-Dual 
Plane Architecture 
-Isolates 
ReadlWrite Functions 
Between Planes 
-Allows 
Continuous Execution of Code 
From One Plane While Writing in 
.the Other Plane 
• Multiplexed Address/Data Bus 
-Direct 
Interface to Popular 68HC11 Family 
• Block Protect Register 
-Individually 
Set Write Lock Out in 1K Blocks 
• Toggle Bit Polling 
-Early 
End of Write Detection 
• Page iviode Write 
-Allows 
up to 32 Bytes to be Written in 
One Write Cycle 


DESCRIPTION 


The X68C64 SUC 
E2 is a highly 
integrated 
E2 
Microcontroller peripheral which combines the func- 
tionality of the X68C64 component with pre-loaded 
software routines allowing any embedded system 
using it to upgrade and download software via the 
serial port. This self-loading integrated code elimi- 
nates the need to initially program the firmware into a 
memory device at the time of initial manufacture. The 
SUC E2routines also greatly facilitate the loading of 
subsequent versions of the firmware into the system. 


The SUC E2 routines consist of approximately 500 
bytes of instructions for the 68HC11 which will ini- 
tialize the microcontroller and its on-board UART 
and upload the user's software through the UART. 
The baud rate for the transfer is 9600 based on a 
5 


crystal frequency of 8MHz. Data transfer is accom- 
plished using a proprietary format called XCOM. 
Xicor also has developed a program for IBM PCs 
and compatibles called XSUC. which will translate 
an Intel HEX or Motorola S-record format file into 
XCOMformat and download the program to a X68C64 
SUC E2. 
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1 
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I 
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PB4 
9 
16 A12 
24 MODB 
PB7 
CE 
I 
5 
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A~ 
26 
22 
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The X68C64 component is an 8K x 8 E2pROM fabri- 
cated with advanced CMOS Textured Poly Floating 
Gate Technology. The X68C64 features a Multiplexed 
Address and Data bus allowing direct interface to a 
variety of popular single-chip 
microcontrollers 
oper- 
ating in expanded multiplexed mode without the need 
for additional interface circuitry. 


The X68C64 is internally configured as two indepen- 
dent 4K x 8 memory arrays. This feature provides the 
ability to perform nonvolatile memory updates in one 
array and continue operation out of code stored in the 
other array; effectively 
eliminating 
the need for an 


auxiliary memory device for code storage. 


To write to the X68C64 SLiC E2, a three-byte com- 
mand sequence must precede the byte(s) being writ- 


PIN CONFIGURATION 


DIP/SOle 


NC 
1 
24 
vCC 
A12 
2 
23 
RIW 
NC 
3 
22 
AS 
NC 
4 
21 
AS 
WC 
5 
20 
A9 
SEL 
6 
19 
A11 
X68C64 
AIDa 
7 
18 
E 
AlD1 
8 
17 
A10 


AlD2 
9 
16 
CE 
AlD3 
10 
15 
AlD7 
AlD4 
11 
14 
AlD6 


VSS 
12 
13 
AlD5 


2134 
FHD 
F02 


ten. This sequence called Software Data Protection 
prevents the loss of data or program information due 
to inadvertant write cycles during power-up or power- 
down. The X68C64 SLiC E2 also provides a second 
generation software data protection scheme called 
Block Protect. 


Block Protect can provide write lockout of the entire 
device or selected 1K blocks. There are eight 1K x 8 
blocks that can be write protected individually in any 
combination 
required by the user. Block Protect, in 


additional to Write Control input, allows the different 
segments of the memory to have varying degrees of 
alterability in normal system operation. 


For further 
information 
on the X68C64 
hardware 


interface, consult the X68C64 Data Sheet. 


Symbol 
Description 


AS 
Address Strobe 
AlDo-AID7 
Address Inputs/Data I/O 
A8-A12 
Address Inputs 
E 
Enable Input 
RIW 
ReadlWrite Input 


CE 
Chip Enable 
WC 
Write Control 
SEL 
Device Select-Connect 
to Vss 


Vss 
Ground 


Vcc 
Supply Voltage 


X68C64 
_T 


xL Temperature 
Range 
Blank = Commercial = O°Cto +70°C 
I = Industrial = -40°C to +85°C 
M = Military = -55°C to +125°C 


Package 
P = 24-Lead Plastic DIP 
S = 24-Lead SOIC 


LIMITED WARRANTY 
Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification 
provisions appearing in its Terms of Sale only. Xicor, Inc. makes 
no warranty, 
express, statutory, 
implied, or by description 
regarding the information set forth herein or regarding the freedom of the described 


devices from patent infringement. 
Xicor, Inc. makes no warranty of merchantability 
or fitness for any purpose. Xicor, Inc. reserves the right to 
discontinue 
production 
and change specifications 
and prices at any time and without notice. 


Xicor, Inc. assumes no responsibility 
for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product. No other circuits, patents, 


licenses are implied. 


US. PATENTS 
Xicor products are covered by one or more of the following U.S. Patents: 4,263,664; 4,274,012; 4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 


4,404,475; 4,450,402; 4,486,769; 4,488,060; 4,520,461; 4,533,846; 4,599,706; 4,617,652; 4,668,932; 4,752,912; 4,829,482; 4,874,967; 4,883,976; 
4,980,859; 
5,012,132; 
5,003,197; 5,023,694. 
Foreign patents and additional patents pending. 


LIFE RELATED 
POLICY 


In situations 
where semiconductor 
component 
failure may endanger 
life, system designers 
using this product should design the system with 
appropriate 
error detection and correction, 
redundancy and back-up features to prevent such an occurrence. 


Xicor's products are not authorized for use as critical components 
in life support devices or systems. 


1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain life, 


and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be reasonably expected 
to result in a significant injury to the user. 


2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to cause the failure 


of the life support device or system, or to affect its safety or effectiveness. 


• 


ApPLICATION 
NOTES 
AVAILABLE 


AN62 • AN64 • AN66. 
AN74 
iCOP 
® 


X68C75 SLIC® E2 Microperipheral 


Port Expander and E2 Memory 


• Highly Integrated Microcontroller Peripheral 


-8K 
x 8 E2Memory 


-2 
x 8 General Purpose Bidirectional I/O Ports 


-16 
x 8 General Purpose Registers 


-Integerated 
Interrupt Controller Module 


-Internal 
Programmable Address Decoding 


• Self Loading Integrated Code (SLlC) 


-On-Chip 
BIOS and Boot Loader 


-IBM/PC 
Based Interface Software(XSLlC) 


• Concurrent Read During Write 


-Dual 
Plane Architecture 


• Isolates Read/Write Functions Between 


Planes 
• Allows Continuous Execution Of Code 


From One Plane While Writing In The 
Other Plane 


• Multiplexed Address/Data Bus 


-Direct 
Interface to Popular 68HC11 Family of 


Microcontrollers 


• Software Data Protection 


-Protect 
Entire Array During Power-up/-down 


• Block Lock™ Data Protection 


-Set 
Write Lockout in 1K Blocks 


• Toggle Bit Polling 


• High Performance CMOS 
-Fast 
Access Time, 120ns 
-Low 
Power 
• 
60mA Active 
• 
100llA Standby 
• PDIP, PLCC, and TQFP Packaging Available 


DESCRIPTION 


The X68C75 is a highly integrated peripheral for the 
68HC11 family of microcontrollers. The device inte- 
grates 8K-bytes of 5V byte-alterable nonvolatile memory, 
2 bidirectional8-bit ports, 16 general purpose registers, 
programmable internal address decoding and a multi- 
plexed address and data bus. 


The 5V byte-alterable nonvolatile memory can be used 
as program storage, data storage, or a combination of 
both. The memory array is separated into two 4K-byte 
sections which allows read accesses to one section 
while a write operation is taking place in the other 
section. The nonvolatile memory also features Software 
Data Protection to protect the contents during power 
transitions, and an advanced Block Protect register 
which allows individual blocks of the memory to be 
configured as read-only or read/write. 
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lKX8 
lKX8 
PORT 
B 


DATAVOBUS 


PORT SELECT 


Each 
bidirectional 
port consists 
of 8 general 
purpose 


I/O lines and 1 data strobe 
line. The ports also feature a 


configurable 
interrupt 
request 
output. 


Access 
to the 
X68C75 
is accomplished 
through 
the 


multiplexed 
address/data 
bus of the 68HC11 
type con- 


trollers. 
An 
internal 
programmable 
address 
decoder 


maps the internal 
memory 
and register locations 
into the 


desired 
address 
space. 


The 
X68C75 
incorporates 
the 
interface 
circuitry 
nor- 
mally 
needed 
to 
decode 
the 
control 
signals 
and 


demultiplex 
the address/data 
bus to provide 
a "seam- 


less" interface. 


The control 
inputs 
on the X68C75 
are configured 
such 


that it is possible 
to directly 
connect 
them to the proper 


interface 
signals 
of the 
68HC11 
microcontroller. 
The 


reading 
of 
data 
from 
the 
chip 
is controlled 
by the 


RIW and E clock signals. 


Reading 
and writing 
of the nonvolatile 
memory 
array is 


analogous 
to RAM operation. 
During a write operation 
to 


either 
the nonvolatile 
memory 
or the control 
registers, 
the falling edge of AS latches the address 
present on the 


WC 


RESET 


address 
bus into the X68C75, 
and the falling edge of E 


clock latches the data to be written. 


The 
nonvolatile 
memory 
of the 
X68C75 
is internally 


organized 
as two independent 
arrays 
of 4K-bytes 
with 


the 
A 12 input 
selecting 
which 
of the 
two 
planes 
of 


memory 
is to 
be accessed. 
While 
the 
processor 
is 


executing 
code out of one plane, 
write operations 
can 


take place in the other plane; allowing 
the processor 
to 


continue 
execution 
of code out of the X68C75 
during 
a 


byte or page write to the device. 
This feature 
is called 


Concurrent 
Read During Write. 


The X68C75 
also features 
an advanced 
implementation 


of the Software 
Data Protection 
scheme, 
called 
Block 


Protect, which allows the nonvolatile 
memory 
array to be 


treated 
as 8 independent 
sections 
of 1K-bytes. 
Each of 


these sections 
can be independently 
enabled 
for write 


operations. 
This 
allows 
segmentation 
of the 
memory 


contents into writable and non-writable 
sections, 
thereby, 


allowing 
certain 
sections 
of the device to be secured 
so 


that 
updates 
can only 
occur 
in a controlled 
environ- 


ment. 
(e.g. 
in an automotive 
application, 
only 
at an 


authorized 
service 
center). 
The Block 
Protect 
configu- 


ration is stored 
in a nonvolatile 
register, 
ensuring 
that 


the 
configuration 
data 
will 
be 
maintained 
after 
the 


device 
is powered-down. 


PORT 


SPECIAL 
FUNCTION 
REGISTERS 


The X68C75 
write control 
input, serves 
as an external 
control overthe 
completion 
of a previously 
initiated page 


load cycle. 


The X68C75 
also features 
the industry 
standard 
5V E2 


memory characteristics 
such as byte or page mode write 


and Toggle 
Bit Polling. 


Read 


A HIGH to LOW transition 
on AS latches 
the address; 
the data will be output on the AD pins when E clock and 
RNY are HIGH 
(tACe). 


Write 


A write 
is performed 
by latching 
the address 
on the 


falling edge of AS. The RNY signal LOW while E clock is 
HIGH 
initiates 
a write 
cycle. 
The 
valid 
data 
must 
be 


present 
on ADo-AD? 
prior to an E clock HIGH to LOW 


transition. 
The data will be latched 
into the X68C75 
on 


the falling 
edge of E clock. 


Page Write Operation 


The X68C75 
supports 
page mode write operations. 
This 


allows the microcontroller 
to write from one to thirty-two 


bytes of data to the X68C75. 
Each individual 
write within 


a page write operation 
must conform 
to the byte write 


timing 
requirements. 
The rising edge of E clock starts a 


timer 
delaying 
the internal 
programming 
cycle 
100IlS, 


therefore, 
each successive 
write operation 
must begin 


within 
100llS of the 
last 
byte 
written. 
The 
waveform 


on 
page 
19 
illustrates 
the 
sequence 
and 
timing 


requirements. 


Toggle 
Bit Polling 


Because 
the X68C75 
typical write timing is less than the 


specified 
5ms, Toggle 
Bit Polling 
has been provided 
to 


PIN NAME 
I/O 
DESCRIPTION 


A1s-A8 
I 
Non-multiplexed high-order Address line inputs for the upper byte of the address. The addresses are 
latched when AS makes a HIGH to LOW transition. 
AD7-ADo 
I/O 
Multiplexed lower-order Address and DATA lines. The addresses are latched when AS makes a 
HIGH to LOW transition. 


AS 
I 
Address 
Strobe input is used to latch the addresses present on the address lines A1s-A8 and AD7- 


ADo into the device. The addresses are latched when AS transitions from HIGH to LOW. 


CE 
I 
The device select (CE) is an active HIGH input. This signal has to be asserted prior to AS HIGH to 
LOW transition in order to generate a valid internal device select signal. Holding this pin LOW and 
AS LOW will place the device in standby mode. The ports stay active at all times. 


E 
I 
The E clock is the bus frequency clock input, and is used as a data timing reference signal. When 
the E clock is LOW, the addresses are latched by HIGH to LOW transition on the AS pin. The E 
clock HIGH cycle is used for data transfers. 
IRQ 
a 
The IRQ is an open-drain output. It can be configured to signal latching of new data into the ports, 
and completion of an E2 memory write cycle. 


PA7-PAo 
I/O 
The I/O lines of port A. The output driver can be configured as either CMOS or open-drain using the 
AWO bit in CR. The I/O direction bit (DrRA) in CR is used to select the port A I/O mode. 
PB7-PBo 
I/O 
The I/O lines of port B. The output driver can be configured as either CMOS or open-drain using the 
BWO bit in CR. The I/O direction bit (DIRB) in CR is used to select the port B I/O mode. 


RIW 
I 
The RIW signal indicates the direction of data transfers. During phase 2 (HIGH cycle) of the E clock, 
the RtW is HIGH for a read, and LOW for a write cycle. 


RESET 
I 
RESET is used to initialize the internal static registers and has no effect on the E2 memory opera- 
tions. The default active level is LOW, but it can be reconfigured in EEM register. 
SEL 
I 
The SEL input should be LOW for the device to be selected. This input is normaly tied to Vss. 


STRA,STRB 
I/O 
The STRA controls port A and STRB controls port B. When ports are configured as inputs, a valid 
transition on their strobe pins will latch into their Port Data Register the data present at the port input 
pins. Writing to an output port Data Register generates a pulse of fixed duration on its corresponding 
strobe pin. The output data presented at the output pins stay valid until the next data is written to the 
output port data register. 


WC 
I 
WC input has to be held LOW during a write cycle. It can be permanently tied HIGH in order to 
disable writes to the E2 memory. Taking the WC HIGH prior to tSLC(100~s; the time delay from the 
last write cycle to the start of internal programming cycle) will inhibit the write operation. 


determine the early completion of a write cycle. During 
the Internal programming cycle, 1/06 will toggle from "1" 
to "0" and "0" to "1" on subsequent attempts to read from 
the memory plane that is being updated. When the 
internal cycle iscomplete, the toggling will cease and the 
device will be accessible for additional read or write 
operations. Due to the dual plane architecture, reads for 
polling must occur from the plane that was written· that 
is, the state of A12during a write must match the st~te of 
A12during polling. 


I 
I 
IV 


CE -.I 


DATA PROTECTION 


The X68C75 provides two levels of data protection 
through software control. There is a global software data 
protection feature similar to the industry standard for 
E2PROMs and a new Block Lock Protect write lockout 
protection providing a secondary level data security 
option. 
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Software Data Protection 


Software 
Oata 
Protection 
(SOP) 
can be employed 
to 
protect the entire array against inadvertent 
writes during 


power-up/power-down 
operations. 
The 
X68C75 
is 
shipped 
from the factory 
with SOP enabled. 
With SOP 


enabled, 
inadvertent 
attempts to write to the X68C75 will 


be blocked. 


The system 
can still write data, but only when the write 


operation 
(page or byte) is preceded 
by the three-byte 


command 
sequence. 
All write operations, 
both the com- 
mand 
sequence 
and 
any data write 
operations 
must 


conform 
to the page write timing 
requirements. 


Writing with SDP Enabled 
The 
SOP 
mode 
is also 
enabled 
anytime 
one 
of the 


nonvolatile 
configuration 
registers 
are modified. 
These 


include 
writing 
to EE map, SFR map, and BPR. 


Block Lock Protect Write Lockout 


The X68C75 
provides 
a second 
level of data security 


referred to as Block Lock Protect write lockout (or Block 
Protection). 
This 
is accessed 
through 
an extension 
of 


the: 80P 
command 
sequence. 
Block Protect allows the 


Perform 
Byte or Page 


Write Operations 


I b2 
b1 
bOI Reference 
the A 15-A 13 
setting 
in EEM register 


P = Address 
bit (A 12) of the 


updated 
memory 
plane. 


user to lockout writes to 1Kx 8 blocks of memory. 
Unlike 


SOP which 
prevents 
inadvertent 
writes, 
but still allows 


easy system 
access 
to writing 
the memory, 
Block Pro- 


tect 
will 
lockout 
all attempts 
unless 
it is specifically 


disabled 
by issuing 
the 
deactivation 
sequence. 
This 


feature can be used to set a higher level of protection 
in 


a system where a portion of the memory 
is used to store 


the system 
kernel 
and 
protect 
it from 
the application 


programs 
residing 
in the other blocks. 


Setting 
write lockout 
is accomplished 
by writing 
a five- 


byte command 
sequence 
opening 
access 
to the Block 


Protect Register 
(BPR). After the fifth byte is written, 
the 


user writes to the BPR, selecting 
which blocks to protect 


or unprotect. 
All write 
operations, 
both the command 
sequence 
and writing the data to the BPR, must conform 


to the page write timing requirements. 
It should be noted 


that 
accessing 
the BPR automatically 
sets 
the upper 
level SOP. If for some 
reason 
the user does 
not want 


SOP enabled, 
they may reset it using the normal 
reset 


Figure 3. Sequence to Deactivate 
• 
Software Data Protection 


I b2 
b1 
bOI Reference 
the A 15-A 13 


setting in EEM register 


P = Address bit (A12) of the 
memory plane not being read. 


BLOCK 


ADDRESS 


OOOO-Q3FF 


0400-07FF 


0800-0BFF 


OCOO-OFFF 


1000-13FF 


1400-17FF 


1800-1BFF 


1COO-1FFF 


The SPR format and block map are illustrated above. 
The command sequence is illustrated to the right. 


Figure 6. 
Microcontroller 
Map 


0000 


0400 


07FF 


(BPR Register Set Global SDP Set) 


Ib2 
b1 
bolReferencetheA15-A13 
----setting 
In E2M register 


P = Address bit (A12) of the 
memory plane not being read. 


SFR (SPECIAL FUNCTION 
REGISTERS) BLOCK 
MAPPABLE TO ANY 1K 
PAGE BY THE SFRM 
REGISTER. 


8K BYTES OF BYTE 
ALTERABLE DUAL 
PLANE ARCHITECTURED 
NON-VOLATILE MEMORY 
(MAPPABLE TO ANY 8K 
PAGE BY THE E2M BITS 2-0) 


X68C75 SLlCC!) 
E2 


Figure 7. On-Chip Registers 


7 
6 
5 
4 
3 
2 
0 


0400 
SFRM* 
Special 
Function 
Register 
Memory 
Map Register 


0408 
PORB 
Port Data Register 
B 


0410 
PORA 
Port Data Register 
A 


0418 
ISR 
Interrupt 
Status 
Register 


0420 
CR 
Configuration 
Register 


0428 
PPRB 
Port Pin Register 
B 


0430 
PPRA 
Port Pin Register 
A • 
0438 
EEM* 
E2 Memory 
Map Register 


0600 
MSB 
LSB 
•• 
>- 16 Bytes General 
Purpose 
SRAM 
• 


060F 
MSB 
LSB 


NOTE: 
* The value 
returned 
by reading 
these 
registers 
is the complement 
of the actual 
data. These 
registers 
are nonvolatile 
and a special 
SDP 
sequence 
is used to alter their contents. 
All the other 
registers 
are 


initialized 
by a valid 
reset input signal 
and when the device 
is power cycled. 


Programmable Address Decoding 


The X68C75 features an internal programmable ad· 
dress decoder which allows the nonvolatile memory 
array and the internal registers to be mapped in various 
locations of the 64K·byte memory map. The register set 
is mappable into a 1K·byte block, while the nonvolatile 
memory array is mappable into an 8K·byte block. The 
mapping is controlled by two nonvolatile configuration 
registers, the SFR Map Register and the E2 Memory 
Map Register. Their bits are mapped as follows: 


SFR Map Register (SFRM) Default = 81 


A15·A10 are upper address bits for the 1K·byte page 
where the SFR memory is mapped. 


BITS 7:6 


Setting these two bits to any combination other than "10" 
will interfere with device proper operation. 


E2 Memory Map Register (EEM) Default = 07 


A 15-A 13 


Modifying these three bits changes the location of the 
program memory within the address map.The A15-A13 
correspond to the upper three address bits of the 8K· 
byte page where program memory will be mapped. 


RST 


The RST bit controls the polarity of the RESET input pin. 


"0" = RESET is Active LOW 
"1" = RESET is Active HIGH 


Port B can be configured as either a general purpose 
I/O port (normal I/O mode), or latched address mode 
(LAM). The LAM option programs port B to output the 
-demultiplexed low order byte of the address latched into 
the X68C75 by AS. The LAM bit selects between these 
two modes. 


"0" = Port B is an I/O Port 
"1" = Port B outputs low address byte (A7·AO) 


Setting the Mapping Registers 


The mapping registers are written using a modified 
version of the Software Data Protection sequence. All 
timings must adhere to the normal Software 
Data 


Protection sequence. 


Figure 8. Setting the SFR Map Register 


x = Don't Care 


8[2:0J = E2M [2:0J 


P = Address bit (A 12) of the 
memory 
plane not being read. 


x = Don't Care 


8[2:0J = E2M [2:0J 


P = Address bit (A 12) of the 
memory plane not being read. 


The complemented 
contents 
of the SFR map register 
and the 
E2 memory 
map register 
can be read by the 
microcontroller 
at their corresponding 
SFR addresses. 
The physical 
memory 
location 
of these registers 
can be 
derived 
by adding 
the following 
offset to the SFR base 
address: 


SFR Map Register 
E2 Memory 
Map Register 
OOH 
38H 


If the regions specified 
in the map registers overlap, only 
the SFR will be accessible. 


Interrupt Status Register (ISR) 


The Interrupt 
Status 
Register 
is a volatile 
register 
used 
to configure 
the interrupt 
condition 
for the 1/0 ports as 
well as to determine 
the interrupt 
status of the ports. The 
X68C75 
ports can generate 
an interrupt to the microcon- 
troller 
upon 
the 
proper 
transition 
(as specified 
in the 
configuration 
register) 
on either 
STRA 
or STRB 
pins 
when 
the corresponding 
1/0 port is configured 
as an 
input. 


The INTfiag 
is set when any of input strobes 
are toggled 
provided 
that their corresponding 
interrupt 
enable 
bits 
(ENA, 
ENB) 
are 
set. 
The 
INT 
flag 
is cleared 
when 
latched 
data is read (PDR ) or pending 
interrupt 
status 
flag (INTA, 
INTB) in ISR is forced 
to "0" by the interrupt 
service 
routine. 
Interrupt 
service 
routine 
should 
exam- 
ine the interrupt 
status flags 
(INTA, 
INTB) 
and identify 
the source 
of pending 
interrupt. 


The E2 memory 
interrupt 
status 
flag (EOW) 
is another 
means 
to detect 
the early completion 
of a write 
cycle. 
When ENEE is enabled, 
the hardware 
will set the EOW 
flag, and interrupt 
the microcontroller 
at the end of an 
internal 
programming 
cycle. 
Toggle 
Bit Polling 
can be 
replaced 
by the EOW hardware 
interrupt, 
which reduces 
the software 
overhead. 
The EOW flag should be cleared 
by software. The interrupt status register bits are mapped 
as follows. 
• 


Interrupt Flag 
"0" ~ No pending interrupt 
"1" ~ Interrupt request 


Port A - Interrupt Status 
"0" ~ No pending interrupt 
"1" ~ Port A latched data when a valid 
transition occurred on the STRA 
and port A was an input port. 


Port B - Interrupt Status 
"0" ~ No pending interrupt 
"1" ~ Port B latched data when a valid 
transition occurred on the STRB 
and port B was an input port. 


Port A - Interrupt Enable 
"0" ~ Mask off interrupt 
"1" ~ Interrupt enabled 


EEPROM Interrupt Status 
"0" ~ Programming 
in progress 


"1" ~ Set by hardware when it completes 
programming 
the previously 
written data 


EEPROM Interrupt Enable 
"0" = Mask off interrupt 
"1" = Interrupt enabled 


Port B - Interrupt Enable 
"0" = Mask off interrupt 
"1" = Interrupt enabled 


Configuration Register (CR) 


The Configuration Register is a volatile register used to 
configure the operation of the I/O ports. The configura- 
tion register allows the microcontroller to designate 
whether each of the two ports is an input or output, what 
type of output drive is to be used, and specifies the 
polarity of the two strobe lines, STRA and STRB. The bit 
map of configuration register is shown below. 


The IRST bit in the configuration register controls the 
method used to clear the port interrupt request flags 
(INTA, INTB). The interrupts are reset by either reading 
the interrupt source or writing to the interrupt 
status 


register. The interrupt must be disabled prior to chang- 
ing strobe polarity bits (STPA, STPB), or port direction 
bits (DIRA, DIRB) in CR. Otherwise, any attempt to 
modify the status of these bits may cause an interrupt to 
occur. 


Port Data Registers (PDR) 


The PDRA/PDRB are byte-wide latches which hold port 
data. When a port isconfigured as an output, the outputs 
of its PDR latch are connected to the port pins. Writing 
to PDR generates a pulse on the port strobe pin and 
latches the data. If a port is configured as an input, the 
inputs of its PDR latch are connected to the port pins. 
External data is latched into PDR on the positive edge of 
its clock. The port strobe input and strobe polarity bit 
(STPA, STPB) are XORed to generate the PDR input 
clock. 


Port Pin Registers (PPR) 


The read-only Port Pin Registers are used for reading 
the current status ofthe external 1/0 port pins. Accessing 
the PPR causes the values on the port pins to be placed 
on the data bus. 


The port direction control bits in configuration register 
set the direction for the entire port and no control 
mechanism is provided to program the direction of 
individual pins. However, the ports have a flexible archi- 
tecture which allows operating 1/0 ports in bidirectional 
mode using the PPR read feature. 


A port can be operated in input/output mode by config- 
uring it as an open-drain output port. The port wire-OR 
bit (AWO, or BW) and its port data direction bit (DIRA, 
orDIRB) inCR, should besetto"1". The PDRbits which 
correspond to the port pins assigned as inputs should be 
programmed to "1". For monitoring the status of the input 
pins, the PPR can be read. In this application the port 
strobe pin and the PDR latch are in output mode. In 
open-drain mode, there are weak internal pull-ups on 
the port pins, however external pull-ups must be used for 
proper switching of the 1/0 lines. 


Static RAM Block 


There are 16 bytes of volatile static RAM registers 
mapped to the SFR region. They reside in the 200H- 
20FH area offset from the SFR base address. Accessing 
these registers has to be done through external RAM 
operations for both writes and reads. 


Interrupt 
Request 
Reset 
Mode 


This bit controls the clearing of the 
interrupt request flag. 
"0" = Reading 
the interrupt source 


"1" = Writing to the request register 


Port A - Outputs 
"0" = CMOS 
"1" = Open-Drain 


Port B - Outputs 
"0"= 
CMOS 
"1" = Open·Drain 


Strobe 
B - Strobe 
Pin Polarity 
"0" = Active 
LOW 
"1" = Active 
HIGH 


Strobe A - Strobe 
Pin Polarity 
"0" = Active 
LOW 
"1" = Active 
HIGH 


Port B - Direction 
Flag 


"0" = Input mode 
"1" = Output 
mode 


Port A - Direction 
Flag 
"0" = Input mode 
"1" = Output 
mode 


VO Ports Operation 


The 
expansion 
ports 
are 
accessible 
to the 
software 


using their assigned 
memory 
mapped 
addresses. 
Each 


port occupies 
two addresses 
in the SFR plane, the Port 


Data 
Register 
and 
Port Pin Register. 
These 
registers 


and their location 
in the 1K-byte register 
memory 
space 


is shown 
on page 7. 


The ports can be configured 
as either inputs or outputs, 
the DIRA and DIRB bits in the configuration 
register are 


used to select 
between 
the modes. 
The input signal on 


the strobe 
pin, when the corresponding 
port is config- 


ured asan 
input, is fed to the clock input of the port latch. 


These 
are transparent 
latches 
and the trailing 
edge of 


the strobe pulse is used to latch the data present on the 
input 
pins. 
The 
strobe 
signal 
polarity 
is configurable 


using 
the 
STPA 
and 
STPB 
bits 
in the 
configuration 


register. 


Writing 
to the 
port data 
register 
of an output 
port will 


generate 
a pulse of fixed duration 
on its strobe pin. The 


data also simultaneously 
arrives 
at the port output pins. 


PORT WRITE 


(PORT OUTPUT) 
LATCH FOR 
1/0 PIN 


The latched data stays there until new data is written to 
the port data register. 
The strobe 
pulse 
shape 
is con- 


trolled 
by the 
state 
of the 
STPA 
and 
STPB 
bits 
in 


configuration 
register. A "1" forces the valid transition 
on 


the corresponding 
strobe 
pin as active 
HIGH (--rL), 


and a "0" sets it to active 
LOW (~) 
. 


When 
an external 
strobe 
signal 
is applied 
to an input 


port, the latching 
of input data is followed 
by the setting 


of the interrupt 
flags. The INTA and INTB interrupt 
flags 


are used by ports A and B respectively, 
and are set along 


with the INT interruptflag 
atthe end of strobe pulse input. 


External 
interrupt 
(IRQ) 
is generated 
if the 
interrupt 


enable 
flags 
(ENA, and ENB) are set by the software. 


The former enables the port A interrupt 
and the latter the 


port B interrupt. 


The port output 
drivers 
can be either 
CMOS 
or open- 


drain. The wire-OR 
bits (AWO, 
BWO) 
in the configura- 


tion register 
are used to make the selection. 
When 
the 


bits are "0" the CMOS drivers are enabled. 
Setting these 


bits will enable the open-drain 
output drivers. 
Small pull- 
• 


up resistors 
should 
be used on the pins of open-drain 


outputs. 


PORT 
OUTPUT 


PORT READ 
(PORT INPUT) 


PIN READ 
(PORT IN OR OUTPUT) 


IRQ 


The IRQ pin is an active LOW open-drain output. In 
embedded systems applications, this signal is con- 
nected to the microcontroller interrupt input pin through 
either a direct connection or via an interrupt controller. 


Table 1 depicts the three sources of interrupts and their 
associated flags. Under normal conditions, the INT and 
port interrupt flags are set, ifthe port which is configured 
as an input has its strobe line toggled. Ifthe port interrupt 
enable flag is set, or gets set while the INT flag is set, 
then the IRQ signal is asserted. The IRQ stays valid as 
long as the interrupt flags are notcleared bythe software 
or the hardware. 


Another interrupt source is the End Of Write flag (EOW) 
which is set by the hardware at the end of every internal 
programming cycle. The interrupt from this source is 
controlled by the ENEE bit in ISR. If ENEE is enabled, 
then EOW can generate an external interrupt. The 
interrupt is cleared by setting EOW to "0". 


Table 
1. X68C75 
Interrupt 
Sources 


Interrupt 
Interrupt 
Status 
INT 
Source 
Enable 
Flag 
Flag 


PORT A 
ENA 
INTA 
"1 " 


PORT B 
ENB 
INTB 
"1 II 


EOW 
ENEE 
EOW 
- 


PORTS 
A & B INTERRUPTS 


The X68C75 features two 8-bit I/O ports which are 
equipped with a configurable interrupt module. The 
interrupts are used to signal the reception of new data at 
an input port data latch. When a port is configured as an 
output, it can no longer generate any interrupts. 


The input port interrupt mechanism is controlled by the 
external strobe pins (STRA, STRB). Detecting a valid 
transition on the pins will set the interrupt flags and latch 
in the input data. The external interrupts from the ports 
can be masked off using interrupt enable bits(ENA and 
ENB) in ISR. 


Once an external interrupt is asserted, clearing the 
interrupt flags will cause the IRQ signal to return to its 
idle state. There are two ways of resetting the interrupt 
flags. The selection is made using the IRST bit in the 
configuration register. If IRST is set, then the interrupt 
flags are cleared by writing "0" to the bit positions 
corresponding to the interrupt flags (INTA, INTB) in ISR. 
When the IRST bit iscleared, reading the PDR automati- 
cally clears the interrupt flags. 


SOFTWARE 
CONTROLLED 
PORT OPERATIONS 


The individual clock signals, that control the PDR input 
latches and load the external data present on the port 
pins, are generated by XORing the strobe polarity bit and 
the strobe input of the port. The strobe polarity bits 
(STPA, STPB) in CR can be used to program the active 
edge of the strobe inputs. However, ifthe external strobe 
input is permanently tied to Vss or Vee, then the strobe 
polarity bit controls the PDR input latch clock signal. 


When a port strobe and its polarity bit have identical logic 
levels, the corresponding PDR latch is active and any 
change in the port inputs will show up at the PDR latch 
outputs. Holding the strobe input at current levels and 
changing the strobe polarity bit value will generate a 
positive transition on the PDR clock signal, causing the 
latch outputs to reflect the previous logic state of the port 
pins. The clock transition sets the interrupt flags, and if 
the interrupts have been enabled, then an external 
interrupt signal will be asserted. 


This feature allows the port input operation by perma- 
nently tying the STRx inputs to Vee or Vss' and using the 
STPx bits in CR to control PDR latches. Another advan- 
tage of this feature are software generated interrupts. 
Since the clocking of the PDR latch causes the corre- 
sponding port INTx flags to be set, by enabling the 
interrupts the microcontroller is forced to execute the 
interrupt service routine responsible to service the newly 
latched data. 


END OF WRITE 
(EOW) 
INTERRUPT 


The internal programming cycle requires several milli- 
seconds for either a single byte write or a page write. The 
updated 
memory 
plane is inaccessible 
while 
the 


programming is in progress. However, the opposite 
plane is still available for program fetch and data read 
operations. 


The X68C75 has two means of signaling end of an 
internal programming cycle. In the Toggle Bit Polling 
technique, the last written byte is successively read. Bit 
6 of read data toggles while the programming cycle isstill 
in progress. The software has to continually monitor 
device responses and determine if it can again access 
the plane. 


In the other method, at the end of an internal program- 
ming cycle, the hardware sets the EOW flag. The soft- 
ware can either poll this flag or enable the interrupts by 
setting the ENEE bit in ISR. Effective use of EOW is 
made by clearing it prior to initiating a write operation. If 


the interrupt is enabled, an external interrupt will be 
asserted at the completion of the internal write cycle. 
The interrupt is cleared by setting EOW to "0". 


USING A PORT IN BIDIRECTIONAL MODE 


In order to use a port in bidirectional mode, it has to be 
configured as an open drain output port. Small pull-up 
resistors are required on all port output pins. Bit positions 
in the port data register corresponding to port inputs 
should contain "1". The inputs are then read by access- 
ing PPR. Data is not latched into the device, sothe inputs 
must stay valid throughout the read cycle. The port 
strobe pin isconfigured as an output and cannot be used 
as port latch clock input. 


SLiC FUNCTIONS (68HC11 Specific SLlC) 


The resident SUC E2 has designated memory spaces 
allocated for its use. The user's application code should 
avoid using these areas as part of its code segment, 
otherwise it will overwrite the SUC E2.Version 3.0 of the 
X68C75 SUC 
E2 occupies 192 bytes in the upper 


memory bank, FFOO-FFCOH,and 336 bytes in the lower 
bank's address range EOOO-E14FH.Prior to download- 
ing code, assemble and link the source files using the 
above address information. Use memory space taken 
up by the SUC E2as a run-time data storage, if there is 
no further need to modify the X68C75 SUC E2content. 


The current version ofthe SUC E2configures the68HC11 
serial port to the variable baud rate mode. It sets a timer 
prescalar value for a system clock rate of 8MHz. For 
other clock rates, the end user must recalculate timer 1 
reload value for 9600 baud rate and write it into the 


X68C75 location E024H. The XSUC software, a PC 
based communication driver, automates changing of 
the default parameters when using its SETUP option 
menu.The boot-firmware (SUC) residing onthe X68C75 
contains a lookup table which can be accessed from the 
subroutine (EXEC_FUNC), located at location E120H. 
Two bytes are used per table entry. The EXECJUNC 
input requirements are as follows: 


B = Contains a function number from the following 
function table. 


The table entry at location (E14E-E14FH) is reserved for 
user's application code. This function will be executed 
on power-up if the SUC receives any characters other 
than those for the RESET (ASCII 'R'), or ID (ASCII 'X') 
commands. This table entry can be changed to point to 
other code responsible for power-up initialization. This 
method is preferred to changing the reset vector, since 
the SUC code can still be invoked upon power-up. 


Other functions available through the EXECJUNC 
calls are as follows: 


Table 2. 


FUNCTION NO. 
DESCRIPTION 
o - PROC_PROG 
Download and program a 
page 
1 - PROC BPR 
Program BPR 
2 - RESET 
Start execution from 
location OOOOH 
3 - PROC_VER 
Download and verify a page 


4-DUMMY 
Command not recognized 
5 - INIT_UART 
Initialize UART parameters 
to default 
6 - PROG PG 
Program a page 


7-SEND_CHAR 
Send a character to the 
UART 
8 - GET_CHAR 
Reada characterfrom the 
RAM receivebuffer(40H-5FH) 


9 - SDP HI PLANE 
Generate SDP off sequence 
- 
- 


for upper plane 


10- SDP_LO_PLANE 
Generate SDP off sequence 
for lower plane 


11- USER_CODE 
Execute user's code 


For detailed information about the listed functions, in- 
cluding their input requirements, refer to the SUC soft- 
ware specification document. 
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APPLICATION 
EXAMPLES 


This section 
gives 
examples 
of most widely 
used em- 


bedded 
systems 
architectures 
using the X68C75 
and 


68HC11 
microcontroller. 
However, 
keep 
in mind that 


other microcontrollers 
are also supported 
by the X68C75 


and/or 
other SUC 
devices 
that Xicor manufactures. 


Example 
1 


In this system, 
the X68C75 
is the only parallel 
device 


residing on the multiplexed 
address and data bus. There 


may be other peripherals 
on the system board which are 


controlled 
by the ports on the X68C75. 
This configura- 


tion maps the EEM to a memory 
address 
in the range of 


EOOO-FFFFH. The SFRM 
can be mapped 
to any of the 


64 x 1K pages 
within 
the memory 
space. 


A[15:B] 


AD[7:0] 


Example 
2 


Applications 
requiring 
more than 8K bytes 
of program 


memory 
space 
can 
be implemented 
using 
the 
basic 


system architecture 
depicted 
in example 
1 along with an 


additional 
memory 
device 
such as the X28C256. 
Since 


this device requires non-multiplexed 
address/data 
buses, 


the X68C75 
LAM feature 
is used to output the low order 


address 
byte. The SFRM can be mapped 
to any 64x1 K 


page, 
but the X28C256 
should 
be mapped 
to the low 


memory 
address 
space 
and 
out of the 
E2M address 


range (EOOO-FFFFH). This technique 
may also be used 
for other external 
byte wide memories 
such as SRAMs 


or EPROMs. 


X6BC75 


STRA 


PA 


STRB 


AS 
PB 
RfN 
E 
SEL 
VCC 
CE 
RESET 
2899 
ILL F16 


X68C75 


STRA 


PA 
AI15:8] 


AD(7:0] 


STRB 


CE 
DE 
WE 
1/07-1/00 
A14-A8 


PA 
") 


STRA- 
A[15:B] 


AD[7:0] 
PB 
") 


STRB 
XBBC64 


AS 
AS 


RJW 
RJW 


E 
E 
V.f[ 
CE 
RESET :':¥ 


RD 
ALE 


AD7:0 
RJW 
AlD7-AlDO 
A15: 
A12-AB 
L.AJ.L 
CE 


~PSEN 


Example 
3 


If an application 
requires 
larger program 
memory 
stor- 


age and both extra ports, then example 
2 does not meet 


this requirement. 
Since the LAM feature 
uses port B to 


output the non-multiplexed 
address, 
then port B cannot 


be also used as general 
purpose 
I/O. The solution to this 


problem 
is to use X88C64, 
which 
interfaces 
to a multi- 


plexed bus and takes an active LOW CE input. Example 
3 maps the X88C64 
to the bottom 8K program 
memory 


space 
in the 
range 
of 0000-1 FFFH. 
This 
approach 


provides 
a total of 16K-bytes 
of program 
memory. 
Using 


the same approach, 
two additional 
X88C64 
devices can 


A(15:8) 


AD[7:0] 


be added and A 13-A 14 can be used as their CE inputs, 
for a total of 32K-bytes 
of program 
memory. 
Ports A and 


B are still available 
to handle 
any general 
purpose 
I/O 


functions. 


Example 
4 


For those 
applications 
using extensive 
I/O, up to 128 


I/O pins are obtained 
by placing 8 of the X68C75 
devices 


on the same bus. This approach 
gives a total of 64K-bytes 


of program 
memory 
space, and 128 I/O pins. Note that 


the SFRM can overlap the E2M address space, however, 
only the SFR resources 
are accessible 
and the associ- 


ated E2 memory 
location are not available. 
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ABSOLUTE MAXIMUM RATINGS· 
Temperature 
under 
Bias 
-65°C 
to +135°C 
Storage 
Temperature 
-65°C 
to + 150°C 


Voltage 
on any Pin with 
Respect 
to Vss 
-1 V to +7V 


D.C. Output 
Current 
5mA 


Lead Temperature 


(Soldering, 
10 seconds) 
300°C 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


·COMMENT 
Stresses 
above those listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 
This is a stress rating only and the functional 
operation 


of the device 
at these 
or any other 
conditions 
above 


those indicated 
in the operational 
sections 
of this speci- 


fication 
is not implied. 
Exposure 
to absolute 
maximum 


rating conditions 
for extended 
periods 
may affect device 


reliability. 


Supply Voltage 


X68C75 


Limits 


5V±10% 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Icc 
Vcc 
Current 
(Active) 
60 
mA 
CE = VIH, All 1I0's = Open, 
Other 


Inputs = Vcc 


ISB1(CMOS) 
Vcc 
Current 
(Standby) 
100 
!J.A 
CE = VIL, All 110's = Open, 
Other 


Inputs = Vcc-o.3V, 
AS = VIL 


ISB2(TTL) 
Vcc 
Current 
(Standby) 
2 
mA 
CE = VIL, All 110's = Open, 
Other 


Inputs = VIH, AS = VIL 


III 
Input Leakage 
Current 
10 
!J.A 
VIN = VSS to Vcc 


ILO 
Output 
Leakage 
Current 
10 
!J.A 
VOUT = Vss to Vcc, 
E = VIL 


VIL(3) 
Input LOW Voltage 
-1 
0.8 
V 


VIH(3) 
Input HIGH Voltage 
2 
Vcc + 0.5 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL = 2.1mA, 
Ports (A,B) IOL = 20mA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH = -400!J.A 


Symbol 
Test 
Max. 
Units 
Conditions 


CI/O(4) 
Input/Output 
Capacitance 
10 
pF 
VI/O = OV 


CIN(4) 
Input Capacitance 
6 
pF 
VIN= OV 


Symbol 
Parameter 
Max. 
Units 


tpUR(4) 
Power-Up 
to Read 
1 
ms 
tpUW(4) 
Power-Up 
to Write 
5 
ms 


Notes: 
(3) VIL min. and VIH max. are for reference only and are not tested. 
(4) This parameter 
is periodically sampled and not 100% tested. 


Input Pulse Levels 
OV to 3V 


Input Rise and Fall Times 
10ns 


Input and Output 
Timing 
Levels 
1.5V 


1 


100PF 


A.C. CHARACTERISTICS (Over the recommended 
operating 
conditions 
unless 
otherwise 
specified.) 
E Controlled Read Cycle 


No. 
Symbol 
Parameter 
Min. 
Max. 
Units 


1 
PWASH 
Address 
Strobe 
Pulse Width 
80 
ns 


2 
tASL 
Address 
Setup Time 
20 
ns 


3 
tAHL 
Address 
Hold Time 
30 
ns 


4 
tACC 
Data Access 
Time 
120 
ns 


5 
tDHR 
Data Hold Time 
0 
ns 
6 
tCSL 
CE Setup Time 
7 
ns 


7 
PWEH 
E Pulse Width 
150 
ns 


8 
tES 
Enable Setup Time 
30 
ns 
9 
tEH 
E Hold Time 
20 
ns 


10 
tRWS 
RNY Setup Time 
20 
ns 


11 
tHZ(5) 
E LOW to High Z Output 
50 
ns 


No. 
Symbol 
Parameter 
Min. 
Max. 
Units 


1 
PWASH 
Address 
Strobe 
Pulse Width 
80 
ns 


2 
tASL 
Address 
Setup Time 
20 
ns 


3 
tAHL 
Address 
Hold Time 
30 
ns 


4 
tDSW 
Data Setup Time 
50 
ns 
5 
tDHW 
Data Hold Time 
30 
ns 
6 
teSL 
CE Setup Time 
7 
ns 
7 
PWEH 
E Pulse Width 
120 
ns 


8 
tES 
Enable 
Setup Time 
30 
. 
ns 
9 
tRWS 
RNY Setup Time 
20 
ns 
10 
tEH 
E Hold Time 
20 
ns 


11 
twc 
Write Cycle Time 
5 
ms 
12 
tSLC 
Byte Load Time (Page Write) 
0.5 
100 
Ils 


Note: 
(4) 
!We is the minimum cycle time to be allowed from the system perspective 
unless polling techniques 
are used. It is the maximum 
time the device requires to automatically 
complete the internal write operation. 


OPERATION 
BYTEQ 
I 
BYTE 1 
I 
BYTE 2 
I 
LAST BYTE 
I 
READ (1)(2) 


I 
I 
I 
I 
I 
I 
I 
I 


CE ~ 
V 
V 
V 
V 


AS 
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___ 
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' 
: 
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i 
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I 
1 
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~!XAtJl~RETSS* 
1 
I 
I @ 
i 
1 
,10 
I 
1 
1 
@ 
I~ 
., 
1 


\ 
I~ 
! :r~---~~---- 
I 
I 


i~®.!~®.i!~ 
@ 
.i 


AD7-ADO 
~*--A-7--A-O-~-:---(X'IX~:~~X 
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No. 
Symbol 
Parameter 
Min. 
Max. 
Units 


1 
tSVSX 
Strobe 
Pulse Width 
80 
ns 


2 
tiS 
Data Port Setup 
20 
ns 
3 
tlH 
Data Port Hold Time 
30 
ns 


4 
tSVIV 
Interrupt 
Request 
to Strobe 
50 
ns 


5 
tlAD 
IRQ to AS 
0 
ns 


6 
PWASH 
AS Pulse Width 
80 
ns 


7 
tRXIX 
E to IRQ High 
30 
ns 
8 
tASL 
Address 
setup time 
20 
ns 
9 
tAHL 
Address 
hold time 
30 
ns 
10 
tASE 
AS to E High 
30 
ns 


11 
tACCE 
E Access 
Time 
120 
ns 
12 
tRWS 
RIW Setup Time 
30 
ns 


13 
tRWH 
RIW Hold time 
10 
ns 


® 
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~X A~~~~~S 
~~ 
_ 


10: 0: 
1~ 
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No. 
Symbol 
Parameter 
Min. 
Max. 
Units 


1 
PWASH 
AS Pulse Width 
80 
ns 


2 
twcs 
Write Chip Select 
Setup Time 
20 
ns 


3 
tWH 
Write 
Pulse Hold Time 
10 
ns 


4 
twv 
Write 
Pulse Valid to E Rise 
30 
ns 


5 
tAVLL 
Address 
Setup Time 
20 
ns 


6 
tLLAX 
Write Address 
Hold Time 
30 
ns 


7 
tDVWH 
Data Setup Time 
50 
ns 


8 
tWHDX 
Data Hold Time 
10 
ns 


9 
tSVSX 
Strobe 
Pulse Width 
120 
ns 


10 
tavsv 
Strobe 
Access 
Time 
40 
ns 


11 
tpos 
Port Output 
Setup Time 
40 
ns 


12 
PWEH 
E Clock Pulse Width 
150 
ns 


® 
~ 
______ 
~I 
! 
A15-A8 
'IADDRESS\V 
______ 
~/t\ 
A15-A8 
11'~. 
_ 
I~ 


CD :0 
I.. 
..I 


AS------h~----------------- 
~: 
101 


AD7-ADO ------~X 
AD.&~fosSHI 
DATAVALIDX 
------~I 
1 
~------- 


I 
t.---I 
: 
'0 


1 


f4\~ 
\::J, 
I 


PB7:0 ================*~--A-DD-R-E-S-S-A-7--A-O---- 


No. 
Symbol 
Parameter 
Min. 
Max. 
Units 


1 
tLHLL 
AS Pulse Width 
80 
ns 


2 
tAVLL 
Address 
Setup Time 
20 
ns 
3 
tLLAX 
Address 
Hold Time 
30 
ns 


4 
tpos 
Port Output 
Setup Time 
20 
ns 


X68C75 
_T 
Temperature 
Range 
Blank = Commercial 
= DoC to +70°C 
I = Industrial 
= -40°C 
to +85°C 
M = Military = -55°C 
to + 125°C 


Package 
P = 48-Lead 
Plastic 
DIP 
J = 44-Lead 
PLCC 
L = 44-Lead 
TQFP 


xL 


LIMITED WARRANTY 
Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification 
provisions appearing in its Terms of Sale only. Xicor, Inc. makes 
no warranty, 
express, statutory, 
implied, or by description 
regarding the information set forth herein or regarding the freedom of the described 


devices from patent infringement. 
Xicor, Inc. makes no warranty of merchantability 
or fitness tor any purpose. Xicor, Inc. reserves the right to 
discontinue 
production and change specifications 
and prices at any time and without notice. 


Xicor, Inc. assumes no responsibility 
for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product. No other circuits, patents, 


licenses are implied. 


US. PATENTS 
Xicor products are covered by one or more of the following U.S. Patents: 4,263,664; 4,274,012; 4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 


4,404,475; 4,450,402; 4,486,769; 4,488,060; 4,520,461; 4,533,846; 4,599,706; 4,617,652; 4,668,932; 4,752,912; 4,829,482; 4,874,967; 4,883,976; 
4,980,859; 5,012,132; 
5,003,197; 5,023,694. 
Foreign patents and additional patents pending. 


LIFE RELATED 
POLICY 


In situations 
where semiconductor 
component 
failure may endanger life, system designers 
using this product should design the system with 


appropriate 
error detection and correction, 
redundancy and back-up features to prevent such an occurrence. 


Xicor's products are not authorized for use as critical components 
in life support devices or systems. 
1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain life, 
and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be reasonably expected 
to result in a significant injury to the user. 


2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to cause the failure 
of the life support device or system, or to affect its satety or effectiveness. 


• 


iCOP 


® 
68XX Microcontroller 
Family Compatible 


• Multiplexed Address/Data Bus 


-Direct 
Interface to Popular 68HC11Family 


• High Performance CMOS 


-Fast 
Access Time, 120ns 


-Low 
Power 


-60mA 
Active Maximum 


-500~ 
Standby Maximum 


• Software Data Protection 
• Block Protect Register 


-Individually 
Set Write Lock Out in 1K Blocks 


• Toggle Bit Polling 


-Early 
End of Write Detection 


• Page Mode Write 


-Allows 
up to 128 Bytes to be Written in 


One Write Cycle 


• High Reliability 


-Endurance: 
10,000Write Cycle 


-Data 
Retention: 100 Years 


DESCRIPTION 


The 
X68257 
is an 32K 
x 8 E2PROM 
fabricated 
with 


advanced 
CMOS Textured 
Poly Floating 
Gate Technol- 


ogy. The X68257 
features 
a multiplexed 
address 
and 


data bus allowing 
direct interface 
to a variety 
of popular 


single-chip 
microcontrollers 
operating 
in expanded 
mul- 


tiplexed 
mode without 
the need for additional 
interface 


circuitry. 


CE,CE 
RIW 


E 
SEL 
L 


Aa-A14 
A 
T 
C 
H 
AS 
E 
S 


SOFTWARE 
DATA 
PROTECT 


&I 


PIN DESCRIPTIONS 


Address/Data (AlDa-AlD7) 


Multiplexed 
low-order 
addresses 
and 
data. 
The 
ad- 


dresses 
flow into the device while AS is HIGH. After AS 


transitions 
from 
a HIGH 
to LOW 
the 
addresses 
are 


latched. 
Once 
the 
addresses 
are 
latched 
these 
pins 


input data or output 
data depending 
on RIW, SEL, and 


CEo 


Addresses (As-A14) 


High order addresses 
flow into the device when AS = VIH 


and are latched 
when AS goes LOW. 


Chip Enable (CE) 


The Chip Enable 
input must be LOW to enable all read/ 
write operations. 
When CE is HIGH, AS is LOW, and CE 


is LOW, the X68257 
is placed 
in the low power standby 


mode. 


Chip Enable (CE) 


Chip Enable 
is active 
HIGH. When CE is used to select 


the device, 
the CE must be tied HIGH. 


Program Store Enable (SEL) 


When 
the 
X68257 
is to 
be 
used 
in a 68XX-based 


system, 
SEL is tied to Vss. 


ReadlWrite (RIW) 


When 
the 
X68257 
is to 
be 
used 
in a 68XX-based 


system, 
RIW is tied directly 
to the microcontroller's 
Rm 
output. 


Address Strobe (AS) 


Addresses 
flow through the latches to address decoders 


when AS is HIGH and are latched 
when AS transitions 


from a HIGH to LOW. 


PIN NAMES 


Symbol 
Description 


AS 
Address 
Strobe 


AlDa-AlD7 
Address 
Inputs/Data 
I/O 


As-A12 
Address 
Inputs 


E 
Enable 
Input 


RIW 
ReadlWrite 
Input 


CE, CE 
Chip Enable 


WC 
Write 
Control 


SEL 
Device 
Select-Connect 
to Vss 


Vss 
Ground 


Vcc 
Supply 
Voltage 


PIN CONFIGURATION 


PDIP 
CERDIP 
SOIC 


A14 
1 
2S 
vCC 
A12 
2 
27 
RiW 


AS 
3 
26 
A13 
SEL 
4 
25 
AS 
CE 
5 
24 
A9 
NC 
6 
23 
All 
NC 
7 
X6S257 22 
E 


NC 
8 
21 
AlO 


NC 
9 
20 
CE 


NC 
10 
19 
N07 


NOD 
11 
18 
N06 
N01 
12 
17 
N05 


N02 
13 
16 
N04 
vSS 
14 
15 
N03 
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LCC 
PLCC 


N 
81~ 
'" 
-i" 
> 
II: -i" 


SEL 
5 


CE 
6 
28 


NC 
7 
27 


NC 
8 
26 


NC 
9 
X68257 
25 


NC 
10 
24 


NC 
11 
23 


NC 
12 
22 


NOD 


~ 
N 
(/) U 
'" 
... 
tl) 
o 
0 
(/)Z 0 
0 
0 
~ ~ > 
~ ~ ~ 
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PRINCIPLES 
OF OPERATION 


The X68257 is a highly integrated peripheral device for 
awide variety ofsingle-chip microcontrollers.The X68257 
provides 32K-bytes of 5V E2PROM which can be used 
either for program storage, data storage, or a combina- 
tion of both, in systems based upon Von Neumann 
(68XX) architectures. The X68257 incorporates the 
interface circuitry normally needed to decode the control 
signals and demultiplex the address/data bus to provide 
a "seamless" interface. 


The interface inputs on the X68257 are configured such 
that it is possible to directly connect them to the proper 
interface signals of the appropriate single-chip micro- 
controller. 


The X68257 features the industry standard 5V E2PROM 
characteristics such as byte or page mode write and 
Toggle Bit Polling. 


Typical 
Application 


U? 


30 
XTAL 


29 
EXTAL 


39 
AESET 


41 
IAQ 


40 
XIAQ 


8 
PAO 


7 


6 


PA1 


PA2 
5 
PA3 
4 


3 


PM 


2 
PA5 


1 
PA6 


PA7 


25 
MOOA 
24 
MOOB 


42 


POO 


43 


44 


P01 


P02 
MISO 


45 


P03 
MOSI 


46 


P04 
SCK 
47 
P05 ss 


Motorola 68XX operation requires the microcontroller 
AS, E, and Rm outputs to be tied to the X68257 AS, E, 
and Rm inputs respectively. 


The falling edge of AS will latch the addresses for both 
a read and write operation. The state of the Rm output 
determines the operation to be performed, with the E 
signal acting as a data strobe. 


If Rm is HIGH and CE is HIGH (read operation) data will 
be output on AlDa-A/D7 after E transitions HIGH. 
If 


Rm 
is LOW and CE is HIGH (write operation) data 


present at AlDa-AlD7 will be strobed into the X68257 on 
the HIGH to LOW transition of E. 


U? 
• 
pco 
31 
11 
NOO 


PC1 
32 
12 
N01 


PC2 
33 
12 
N02 


PC3 
34 
15 
N03 


PC4 
35 
16 
N04 


PC5 
36 
17 
N05 


PC6 
37 
18 
N06 


PC7 
38 
19 
N07 


PBO 
16 
25 
A8 


PB1 
15 
24 
A9 


PB2 
14 
21 
A10 


PB3 
13 
23 
A11 


PB4 
12 
2 
A12 


PB5 
11 
26 
A13 


PB6 
10 
1 
VCC 
A14 


PB7 
9 
5 
CE 
CE 


20 


AS 
26 
3 
AS 
4 


ANI 
28 
27 
SEL 
ANI 


E 
27 
22 
E 


PEO 
17 
X68257 


PEl 
18 


PE2 
19 


PE3 
20 


VAH 
22 


VRL 
21 


6539 ILL F03.2 


CE 
E 
RJW 
Mode 
1/0 
Power 


Vss 
X 
X 
Standby 
HighZ 
Standby 
(CMOS) 


LOW 
X 
X 
Standby 
High Z 
Standby 
(TIL) 


HIGH 
HIGH 
LOW 
Read 
DOUT 
Active 


HIGH 
""""""- 
LOW 
Write 
DIN 
Active 


Regardless 
of the microcontroller 
employed, 
the X68257 


supports 
page 
mode write 
operations. 
This allows 
the 


microcontroller 
to write from 1 to 128 bytes of data to the 


X68257. 
Each individual 
write within a page write opera- 


tion must conform 
to the byte write timing requirements. 


The rising edge of E starts a timer delaying 
the internal 


programming 
cycle 1OO~s. Therefore, 
each successive 
write operation 
must begin within 
1OO~ of the last byte 
written. The following 
waveforms 
illustrate the sequence 
and timing 
requirements. 


LAST 
BYTE 
I 
READ 
(1 )(2) 


I 


I 
V 
V 


I 
I 
I 
'-\_:~-~- 


I 
I~w. 
Next Address 


I 
I 


I 


Toggle Bit Polling 


Because 
the typical write timing is less than the specified 


5ms, Toggle 
Bit Polling 
has been provided 
to determine 


the early end of write. During the internal 
programming 


cycle 
1/06 will toggle 
from 
"1" to "0" and "0" to "1" on 


Toggle Bit Polling E Control 


subsequent 
attempts 
to 
read 
the 
device. 
When 
the 


internal cycle is complete, 
the toggling 
will cease and the 


device 
will be accessible 
for additional 
read 
or write 


operations. 


1/06=X 


1 
1/06=X 
1 
1/06=X 
1/06=X 


1 
1 


1 
1 
V 
V 
V 
V 


CE --l 
/IIIZ! 


NDO-ND? 


1 
1 
1 
1 


1 
1 
fftlx 


1 
1 


AS-A14 ZZX 
An 
~ 
An 
~ 


An 
An 
~ 


An 
~ 
• 


1 


1 


E 
1 


1 


1 
1m 
RIW XX\ 
/XXXI 
'Y/JJ 
'Y/JJ 
'Y/JJ 
1 
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Software 
Data Protection 


Software Data Protection (SOP) is employed to protect 
the entire array against inadvertent writes. To write to 
the X68257, a three-byte command sequence must 
precede the byte(s) being written. 


All write operations, both the command sequence and 
any data write operations must conform to the pagewrite 
timing requirements. 


PERFORM 
BYTE 


OR PAGE WRITE 


OPERATIONS 


SYMBOL 
TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 
JlT 


May change 
Will change 


from LOW 
from LOW 
to HIGH 
to HIGH 


~ 


May change 
Will change 


from HIGH 
from HIGH 
to LOW 
to LOW 


XXXX 


Don't Care: 
Changing: 


Changes 
State Not 
Allowed 
Known 
H 


N/A 
Center Line 
is High 
Impedance 


ABSOLUTE MAXIMUM RATINGS· 
Temperature 
under 
Bias 
-65°C 
to + 135°C 
Storage 
Temperature 
-65°C 
to + 150°C 


Voltage 
on any Pin with 
Respect 
to VSS 
-1V 
to +7V 
D.C. Output 
Current 
5mA 
Lead Temperature 


(Soldering, 
10 seconds) 
300°C 


·COMMENT 
Stresses 
above those listed under "Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 
indicated 
in the operational 
sections 
of this specification 


is not implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect device 
reli- 


ability. 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


Supply Voltage 


X68257 


Limits 


5V±10% 


6539 
PGM T04.1 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Icc 
Vcc 
Current 
(Active) 
60 
mA 
CE = VIL, All I/O's = Open, 
Other 
Inputs = Vcc, 
AS = VIH 


ISB1(CMOS) 
Vcc 
Current 
(Standby) 
500 
!LA 
CE = Vss, All I/O's = Open,Other 
Inputs = Vcc 
- 0.3V, AS = Vss 


ISB2(TTL) 
Vcc 
Current 
(Standby) 
6 
mA 
CE = VIH, All I/O's = Open, 
Other 


Inputs = VIH, AS = VIL 


III 
Input Leakage 
Current 
10 
!LA 
VIN = Vss to Vcc 


ILO 
Output 
Leakage 
Current 
10 
!LA 
VOUT = Vss to Vcc, 
E = VIL 


VIL(1) 
Input LOW Voltage 
-1 
0.8 
V 


VIH(1) 
Input HIGH Voltage 
2 
Vcc 
+ 0.5 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL = 2.1mA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH = -400!LA 


Symbol 
Test 
Max. 
Units 
Conditions 


CI/O(2) 
Input/Output 
Capacitance 
10 
pF 
VI/O = OV 


CIN(2) 
Input Capacitance 
6 
pF 
VIN = OV 


Symbol 
Parameter 
Max. 
Units 


tpUR(2) 
Power-Up 
to Read 
1 
ms 
tpUW(2) 
Power-Up 
to Write 
5 
ms 


Notes: 
(1) VIL min. and VIH max. are for reference only and are not tested. 
(2) This parameter 
is periodically sampled and not 100% tested. 


• 


Input Pulse Levels 
OV to 3V 


Input Rise and 
Fall Times 
10ns 


Input and Output 
Timing 
Levels 
1.5V 


r100PF 


A.C. CHARACTERISTICS (Over the recommended 
operating 
conditions 
unless otherwise 
specified.) 
E Controlled Read Cycle 


Symbol 
Parameter 
Min. 
Max. 
Units 


PWASH 
Address 
Strobe 
Pulse Width 
80 
ns 


tASL 
Address 
Setup Time 
20 
ns 


tAHL 
Address 
Hold Time 
30 
ns 


tACC 
Data Access 
Time 
120 
ns 


tOHR 
Data Hold Time 
0 
ns 


tCSL 
CE Setup Time 
7 
ns 


PWEH 
E Pulse Width 
150 
ns 


tES 
Enable 
Setup Time 
30 
ns 


tEH 
E Hold Time 
20 
ns 


tRWS 
RNI 
Setup Time 
20 
ns 


tHZ(3) 
E LOW to High Z Output 
50 
ns 


tLZ(3) 
E HIGH to Low Z Output 
0 
ns 


Symbol 
Parameter 
Min. 
Max. 
Units 


PWASH 
Address 
Strobe 
Pulse Width 
80 
ns 


tASL 
Address 
Setup Time 
20 
ns 


tAHL 
Address 
Hold Time 
30 
ns 


tDSW 
Data Setup Time 
50 
ns 


tDHW 
Data Hold Time 
30 
ns 


tCSL 
CE Setup Time 
7 
ns 


PWEH 
E Pulse Width 
120 
ns 


twc 
Write Cycle Time 
5 
ms 


tES 
Enable 
Setup Time 
30 
ns 


tRWS 
RIW Setup Time 
20 
ns 


tEH 
E Hold Time 
20 
ns 


tSLC 
Byte Load Time (Page Write) 
0.5 
100 
~s 


Nole: 
(4) twe is the minimum cycle time to be allowed from the system perspective 
unless polling techniques 
are used. It is the maximum 


time the device requires to automatically 
complete the internal write operation. 


• 


Symbol 
Parameter 
Min. 
Max. 
Units 


tLHLL 
ALE Pulse Width 
80 
ns 


tAvLL 
Address 
Setup Time 
20 
ns 


tLLAX 
Address 
Hold Time 
30 
ns 


tDVWH 
Data Setup Time 
50 
ns 


tWHDX 
Data Hold Time 
30 
ns 


tELLL 
Chip Enable 
Setup Time 
7 
ns 


tWLWH 
WR Pulse Width 
120 
ns 


tWRS 
WR Setup Time 
30 
ns 


tWRH 
WR Hold Time 
20 
ns 


tSLC 
Byte Load Time (Page Write) 
0.5 
100 
Ils 


twC(7) 
Write Cycle Time 
5 
ms 


OPERATION 
BYTE 0 
I 
BYTE 1 


I 
I 
CEJ 
V 


I 
BYTE 2 
I 
IV 


I 
LAST BYTE 
READ (1)(2) 
I 
I 
I 
I 
I 
V 
V 
~--~~ 
....• 


I 
I 


~ 
J:l;:;< Next Address 


I 


I 
I 


Note: 
(7) 
twc 
is the minimum cycle time to be allowed from the system perspective unless polling techniques 
are used. It is the maximum 
time the device requires to automatically 
complete the internal write operation. 


X68257 
_T 


xL Temperature 
Range 
Blank = Commercial 
= O°C to +70°C 
I = Industrial 
= -40°C 
to +85°C 
M = Military = -55°C 
to + 125°C 
MB = MIL-STD-883 


Package 
P = 28-Lead 
Plastic 
DIP 
D = 28-Lead 
Cerdip 
S = 28-Lead 
SOIC 
E = 32-Pad 
LCC 
J = 32-Lead 
PLCC 
• 


LIMITED WARRANTY 
Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification 
provisions appearing in its Terms of Sale only. Xicor, Inc. makes 
no warranty, 
express, statutory, implied, or by description 
regarding the information set forth herein or regarding the freedom of the described 
devices from patent infringement. 
Xicor, Inc. makes no warranty of merchantability 
or fitness tor any purpose. Xicor, Inc. reserves the right to 
discontinue 
production 
and change specifications 
and prices at any time and without notice. 


Xicor, Inc. assumes no responsibility 
for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product. No other circuits, patents, 
licenses are implied. 


US. PATENTS 
Xicor products are covered by one or more of the following U.S. Patents: 4,263,664; 4,274,012; 4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 


4,404,475; 4,450,402; 4,486,769; 4,488,060; 4,520,461; 4,533,846; 4,599,706; 4,617,652; 4,668,932; 4,752,912; 4,829,482; 4,874,967; 4,883,976; 
4,980,859; 
5,012,132; 5,003,197; 
5,023,694. 
Foreign patents and additional patents pending. 


LIFE RELATED 
POLICY 
In situations 
where semiconductor 
component 
failure may endanger life, system designers 
using this product should design the system with 


appropriate 
error detection and correction, 
redundancy and back-up features to prevent such an occurrence. 


Xicor's products are not authorized for use as critical components 
in life support devices or systems. 
1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain life, 


and whose failure to perfonm, when properly used in accordance with instructions for use provided in the labeling, can be reasonably expected 
to result in a significant 
injury to the user. 


2. A critical component is any component of a life support device or system whose failure to perfonm can be reasonably expected to cause the failure 


of the life support device or system, or to affect its satety or effectiveness. 
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AVA 
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AN63 


8051 Microcontroller 
Family Compatible 
iCOP 
® 


E2 Micro-Peripheral 


FEATURES 


• CONCURRENT READ WRITE™ 


-Dual 
Plane Architecture 


-Isolates 
ReadlWrite Functions 


Between Planes 


-Allows 
Continuous Execution of Code 


From One Plane While Writing in 
the Other Plane 


• Multiplexed Address/Data Bus 


-Direct 
Interface to Popular 8051 Family 


• High Performance CMOS 


-Fast 
Access Time, 120ns 


-Low 
Power 


-SOmA 
Active Maximum 


-5001lA 
Standby Maximum 


• Software Data Protection 
• Block Protect Register 


-Individually 
Set Write Lock Out in 1K Blocks 


• Toggle Bit Polling 


-Early 
End of Write Detection 


• Page Mode Write 


-Allows 
up to 32 Bytes to be Written in 


One Write Cycle 


• High Reliability 


-Endurance: 
100,000 Write Cycle 


-Data 
Retention: 100 Years 


DESCRIPTION 


The X88C64 is an 8K x 8 E2pROM fabricated 
with 


advanced CMOS Textured Poly Floating Gate Tech- 
nology. The X88C64 features a Multiplexed Address 
and Data bus allowing a direct interface to a variety of 
popular single-chip microcontrollers 
operating in ex- 


panded multiplexed mode without the need for addi- 
tional interface circuitry. 


The X88C64 is internally configured 
as two indepen- 


dent 4K x 8 memory arrays. This feature provides the 
ability to perform nonvolatile memory updates in one 
array and continue operation out of code stored in the 
other array; effectively 
eliminating 
the need for an 


auxiliary memory device for code storage. 


To write to the X88C64, 
a three-byte 
command 


sequence must precede the byte(s) being written. The 
X88C64 also provides a second generation software 
data protection scheme called Block Protect. Block 
Protect can provide write lockout of the entire device 
or selected 1K blocks. There are eight 1K x 8 blocks 
that can be write protected individually in any combi- 
nation required by the user. Block Protect, in addition 
to Write Control input, allows the different segments 
of the memory to have varying degrees of alterability 
in normal system operation. 


CE 


WR 


RD 


PSEN 
L 


AS-A11 


A 
T 
C 
H 
E 
ALE 
S 


CONCURRENT 
READ 
WRITE"· 
is a trademark 
of Xicor, Inc. 


©Xicor, 
Inc. 1994, 
1995 
Palents 
Pending 


3867-1.4 
5/31/95 
T3IC6/02 
TO 


A12 


1K BYTES 
A12 
1K BYTES 


M 
------- 
1K BYTES 
1K BYTES 


U 
------- 
1K BYTES 
X 
1K BYTES 


------- 


PIN DESCRIPTIONS 


Address/Data 
(AlDo-AlD?) 


Multiplexed low-order addresses and data. The Ad- 
dresses flow into the device while ALE is HIGH. After 
ALE transitions from a HIGH to LOW the addresses 
are latched. Once the addresses are latched these 
pins input data or output data depending on RD, WR, 
PSEN, and CEo 


Addresses 
(As-Ad 


High order addresses flow into the device when ALE 
is HIGH and are latched when ALE goes LOW. 


Chip Enable 
(CE) 


The Chip Enable input must be LOW to enable all 
read/write operations. When CE is HIGH and ALE is 
LOW, the X88C64 is placed in the low power standby 
mode. 


Program 
Store 
Enable 
(PSEN) 


When the X88C64 is to be used in a 8051 based 
system, PSEN is tied directly to the microcontroller's 
PSEN output. 


Read (RD) 


When the X88C64 is to be used in a 8051 based 
system, RD is tied directly to the microcontroller's 
RD 


output. 


Write 
(WR) 


When the X88C64 is to be used in a 8051 based 
system, WR is tied directly to the microcontroller's 
WR output. 


Address 
Latch 
Enable 
(ALE) 


Addresses flow through the latches to address de- 
coders when ALE is HIGH and are latched when ALE 
transitions from a HIGH to LOW. 


Write Control 
(WC) 


The Write Control allows external circuitry to abort a 
page load cycle once it has been initiated. This input 
is useful in applications 
in which a power failure or 


processor RESET could interrupt a page load cycle. 
In this case, the microcontroller might drive all signals 
HIGH, 
causing 
bad data 
to be latched 
into the 


E2pROM. If the Write Control input is driven HIGH 
(before tBLCMax) after Write (WR) goes HIGH, the 
write cycle will be aborted. 


When WC is LOW (tied to Vss) the X88C64 will be 
enabled to perform write operations. 
When WC is 


HIGH normal read operations may be performed, but 
all attempts to write to the device will be disabled. 


NC 
A12 


NC 


NC 
WC 


PSEN 
AlDO 
AlD1 
AlD2 
AlD3 
AlD4 
vss 


VCC 


WR 


ALE 


AS 


A9 
A11 


RD 


A10 


CE 
AID? 
AlD6 


AIDS 


Symbol 
Description 


ALE 
Address Latch Enable 
A/Do-A/D? 
Address Inputs/Data I/O 
As-A12 
Address Inputs 
RD 
Read Input 
I, 


WR 
Write Input 
PSEN 
Program Store Enable Input 


CE 
Chip Enable 
WC 
Write Control 


Vss 
Ground 
Vcc 
Supply Voltage 
NC 
No Connect 


PRINCIPLES 
OF OPERATION 


The X88C64 is a highly integrated peripheral device for 
a wide variety of single-chip 
microcontrollers. 
The 


X88C64 provides 8K bytes of E2PROM which can be 
used either for Program Storage, Data Storage, or a 
combination of both in systems based upon Harvard 
(80XX) architectures. The X88C64 incorporates the 
interface circuitry normally needed to decode the control 
signals and demultiplex the Address/Data bus to pro- 
vide a "Seamless" interface. 


The interface inputs on the X88C64 are configured such 
that it is possible to directly connect them to the proper 
interface 
signals 
of the 
appropriate 
single-chip 


microcontroller. Inthe Harvard type system, the reading 
of data from the chip is controlled either by the PSEN or 
the RD signal, which essentially maps the X88C64 into 
both the Program and the Data Memory address map. 


The X88C64 is internally organized as two independent 
planes of 4K bytes of mernory with the A12input select- 
ing which of the two planes of memory are to be 
accessed. While the processor is executing code out of 
one plane, write operations can take place in the other 
plane, allowing the processor to continue execution of 
code out of the X88C64 during a byte or page write to the 
device. 


The X88C64 also features an advanced implementation 
of the Software Data Protection scheme, called Block 
Protect, which allows the device to be broken into 8 
independent sections of 1K bytes. Each of these sec- 
tions can be independently enabled for write operations; 
thereby allowing certain sections of the device to be 
secured so that updates can only occur in a controlled 
environment (e.g. in an automotive application, only at 
an authorized service center). The desired set-up con- 
figuration is stored in a nonvolatile register, ensuring the 
configuration data will be maintained after the device is 
powered down. 


The X88C64 also features a Write Control input (WC), 
which serves as an external control over the completion 
of a previously initiated page load cycle. 


The X88C64 
also features 
the industry 
standard 


E2PROM characteristics such as byte or page mode 
write and Toggle Bit Polling. 


DEVICE 
OPERATION 


MODES 
Mixed 
Program/Data 
Memory 


By properly assigning the address spaces, a single 
X88C64 can be used as both the Program and Data 
Memory. This would be accomplished by connecting all 
of the 8051 control outputs to the corresponding inputs 
of the X88C64. 


In this configuration, one plane of memory could be 
dedicated to Program Storage and the other 
plane 


dedicated to Data Storage. The Data Storage can be 
fUlly protected by enabling block protect write lockout. 


~ 


39 
7 
po.o 


8 
NDO 
38 
• 


PO.l 
NDl 
37 
9 
PO.2 
ND2 
36 
10 
PO.3 


11 
ND3 
35 
PO.4 
ND4 
34 
13 
PO.5 
33 
14 
ND5 
PO.6 


15 
ND6 
32 
PO.7 
21 
ND7 
21 
P2.0 
20 
A8 
22 
P2.1 
17 
A9 
23 
P2.2 
Al0 
24 
19 
P2.3 
2 
All 
25 
P2.4 
5 
A12 
WC 
PSEN 
29 
6 
PSEN 
30 
22 
ALE 


18 
ALE 


AD 
17 
AD 


WR 
16 
23 
WR 
16 
CE 
P2.7 


80C31 
X88C64 


3867 
FHD 
F03 


Program 
Memory 
Mode 


This mode of operation is read-only. The PSEN and ALE 
inputs of the X88C64 are tied directly to the PSEN and 
ALE outputs of the microcontroller. The RD and WR 
inputs are tied HIGH. 


When ALE is HIGH, the A/Do-AID? and As-A12 ad- 
dresses flow into the device. The addresses, both low 
and high order, are latched when ALE transitions LOW 
(V1L).PSEN will then go LOW and after tpLOV,valid data 
is presented on the A/Do-AID? pins. CE must be LOW 
during the entire operation. 


Data Memory 
Mode 


This mode of operation allows both read and write 
functions. The PSEN input is tied to VIH or to Vcc 
through a pull-up resistor. The ALE, RD, and WR inputs 
are tied directly to the microcontroller's ALE, RD, and 
WR outputs. 


Read 


This operation is quite similar to the Program Memory 
read. A HIGH to LOW transition on ALE latches the 


addresses and the data will be output on the AD pins 
after RD goes LOW (tRLDV). 


Write 


A write is performed by latching the addresses on the 
falling edge of ALE. Then WR is strobed LOW followed 
by valid data being presented at the AlDo-AID? pins. 
The data will be latched into the X88C64 on the rising 
edge of WR. To write to the X88C64, a three-byte 
command sequence must precede the byte(s) being 
written. (See Software Data Protection.) 


CE 
PSEN 
RD 
WR 
Mode 
VO 
Power 


Vcc 
X 
X 
X 
Standby 
High Z 
Standby (CMOS) 


HIGH 
X 
X 
X 
Standby 
High Z 
Standby (TTL) 


LOW 
LOW 
HIGH 
HIGH 
Program Fetch 
DOUT 
Active 
LOW 
HIGH 
LOW 
HIGH 
Data Read 
DOUT 
Active 
LOW 
HIGH 
HIGH 
-' 
Write 
DIN 
Active 


write 
operation 
must conform 
to the byte write 
timing 


requirements. 
The 
falling 
edge 
of WR 
starts 
a timer 


delaying 
the internal 
programming 
cycle 
1OOJ.ls.There- 


fore, each successive 
write operation 
must begin within 


1OOJ.lSof the last byte written. 
The following 
waveforms 


illustrate 
the sequence 
and timing 
requirements. 


Regardless 
of the microcontroller 
employed, 
the X88C64 


supports 
page 
mode write operations. 
This allows 
the 


microcontroller 
to write from one to thirty-two 
bytes of 


data to the X88C64. 
Each individual 
write within a page 


0-1:\-- 


I 


I 
I 
I 


I 
I 


AS-A12 zz:x 
A12=n @ 
A12=n 
• 


Notes: 
(1) For each successive write within a page write cycle As-A12 
must be the same. 
(2) Although it is not illustrated. the microcontroller 
may interleave read operations between the individual byte writes within the page 


write operation. Two responses are possible: 
a. Reading from the same plane being written (A12 of Read = A12 of Write) is effectively a Toggle Bit Polling operation. 
b. Reading from the opposite plane being written (A12 of Read", A12 of Write) true data will be returned, facilitating 
the use of a 


single memory component as both program and data storage. 


TOGGLE 
BIT POLLING 


Because the X88C64 typical nonvolatile write cycle time 


IS less than the specified 5ms, Toggle Bit Polling has 
been provided to determine the early completion of 
write. During the internal programming cycle 1/06 will 
toggle from HIGH to LOW and LOW to HIGH on subse- 


Toggle Bit Polling RDIWR Control 


quent attempts to read the device. When the internal 
cycle is complete, the toggling will cease and the device 
will be accessible for additional read or write operations. 
Due to the dual plane architecture, reads 
for polling 


must occur inthe plane that was written; that is, the state 
of A12 during a write must match the state of A12 during 
Toggle Bit Polling. 


OPERATION 
LAST BYTE 
1/06=X 
1/06=)( 
1I06=X 
1/06=X 
WRIDEN 


xaac64 
READY 
FOR 


NEXT OPERATION 


CE 
/:\ 
/: \\\\\1 
I 


ALE 


AIDa-AID? 


I 
I 
I 
I 
I 
~fDx 


I 


ZXX 
XZZX 


I 
I 


Aa-A12 
A12=n 
A12=n 
A12=n XZZX 


A12=x 'tlJX3 


I 
I 
I 


WR -V 


I 
J 


RD 
V 


3867 
FHD 
FOg 


SYMBOL 
TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 
JZr 


May change 
Will change 


from LOW 
from LOW 
to HIGH 
to HIGH 


~ 


May chan~e 
Will change 


from HIG 
from HIGH 
to LOW 
to LOW 


't/Xi, 


Don't Care: 
Changing: 


Changes 
State Not 
Allowed 
Known 
H 


N/A 
Center Line 
is High 
Impedance 


5-56 


DATA PROTECTION 


The 
X88C64 
provides 
two 
levels 
of data 
protection 
through 
software 
control. There is a global software 
data 


protection 
feature 
similar 
to the 
industry 
standard 
for 


E2PROMs 
and a new Block Protect write lockout protec- 


tion providing 
a secondary 
level of data security. 


SOFTWARE DATA PROTECTION 


Software 
Data Protection 
(SOP) is employed 
to protect 


the entire array against inadvertent 
writes. To write to the 


X88C64, 
a three-byte 
command 
sequence 
must precede 


the byte(s) 
being written. 
All write operations, 
both the 


command 
sequence 
and any data write operations, 
must 


conform 
to the page write timing requirements. 


Writing with SOP 


X =A12: 


A12 = 1 IF DATA 
TO 
BE 
WRITTEN 
IS WITHIN 
ADDRESS 
1000TQ 
1FFF. 


A12 = 0 IF DATA TO BE 
WRITTEN 
IS WITHIN 


ADDRESS 
0000 
TO OFFF 


Block Protect Write Lockout 


The X88C64 
provides 
a secondary 
level of data security 


referred 
to as Block 
Protect 
write 
lockout. 
This 
is ac- 


cessed 
through 
an extension 
of the 
SOP 
command 


sequence. 
Block 
Protect 
allows 
the 
user 
to 
lockout 


writes to any 1K x 8 blocks of memory. 
Unlike SOP which 


prevents 
inadvertent 
writes, 
but still allows easy system 


access to writing the memory, 
Block Protect will lockout 


all attempts 
unless it is specifically 
disabled 
by the host. 


This could be used to set a higher 
level of protection 
in 


a system 
where 
a portion 
of the 
memory 
is used for 


Program 
Storage 
and another 
portion 
is used as Data 


Storage. 


Setting 
write lockout 
is accomplished 
by writing 
a five- 


byte command 
sequence, 
opening 
access 
to the Block 


Protect Register 
(BPR). After the fifth byte is written, 
the 
user writes to the BPR, selecting 
which blocks to protect 


or unprotect. 
All write 
operations, 
both the command 


sequence 
and writing the data to the BPR, must conform 


to the page write timing 
requirements. 


Block Protect Register Format 


BLOCK 


ADDRESS 
000D-03FF 
040D-07FF 
OBOo-OBFF 
OCOD-OFFF 
100o-13FF 
140o-17FF 
1BOo-1BFF 
1COo-1FFF • 


WRITE 
AA 
1 
TOX555 
WRITE CO 


1 


TOXAAA 


WRITE 55 
1 
TOXAAA 
WRITE BPR 


1 


MASK VALUE TO 
ANY ADDRESS 


WRITEAO 
1 
TOX555 


l 


WAITtwc 


WRITEAA 
I 
1 (BPR R 


TOX555 


I 
EXIT ROUTINE 


X ;A12: 


A12; 
1 IF PROGRAM BEING EXECUTED 


RESIDES WITHIN ADDRESS 
0000 TO OFFF. 


A12 ; 0 IF PROGRAM 
BEING EXECUTED 


RESIDES WITHIN ADDRESS 
1000 TO 1FFF. 


ABSOLUTE 
MAXIMUM 
RATINGS' 


Temperature 
under 
Bias 
-65°C 
to + 135°C 
Storage 
Temperature 
-65°C 
to +150°C 


Voltage 
on any Pin with 
Respect 
to Vss 
-1V 
to +7V 
D.C. Output 
Current 
5 mA 


Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


'COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 


indicated in the operational 
sections of this specification 
is 


not implied. Exposure to absolute 
maximum 
rating condi- 
tions for extended 
periods 
may affect device 
reliability. 


Supply 
Voltage 


X88C64 


Limits 


5V ±10% 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Icc 
Vcc 
Current 
(Active) 
60 
mA 
CE = RD = VIL, All I/O's = 
Open,Other 
Inputs = Vcc 


ISB1(CMOS) 
Vcc 
Current 
(Standby) 
500 
~A 
CE = Vcc 
- 0.3V, All I/O's = 
Open,Other 
Inputs = Vcc 
- 
0.3V, ALE = VIL 


ISB2(TTL) 
Vcc 
Current 
(Standby) 
6 
mA 
CE = VIH, All I/O's = Open, 
Other 


Inputs = VIH, ALE = VIL 


III 
Input Leakage 
Current 
10 
~A 
VIN = Vss to Vcc 


ILO 
Output 
Leakage 
Current 
10 
~A 
VOUT = Vss to Vcc, 
RD = VIH = PSEN 
VIL(3) 
Input LOW Voltage 
-1 
0.8 
V 


VIH(3) 
Input HIGH Voltage 
2 
Vcc + 0.5 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL = 2.1 mA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH =-400 
~A 


Symbol 
Test 
Max. 
Units 
Conditions 


Cl/o(4) 
Input/Output 
Capacitance 
10 
pF 
VI/O = OV 
CIN(4) 
Input Capacitance 
6 
pF 
VIN= OV 


Symbol 
Parameter 
Max. 
Units 


tpUR(4) 
Power-Up 
to Read 
1 
ms 
tpUW(4) 
Power-Up 
to Write 
5 
ms 


Notes: (3)VILmin. and VIHmax.are for referenceonly andare not tested. 
(4)This parameteris periodicallysampledand not 100%tested. 


Input Pulse Levels 
OV to 3V 


Input Rise and 
Fall Times 
10ns 


Input and Output 
Timing 
Levels 
1.5V 


1100PF 


A.C. CHARACTERISTICS (Over the recommended 
operating 
conditions 
unless 
otherwise 
specified.) 


PSEN Controlled Read Cycle 


Symbol 
Parameter 
Min. 
Max. 
Units 


tLHLL 
ALE Pulse Width 
80 
ns 


tAVLL 
Address 
Setup Time 
20 
ns 


tLLAX 
Address 
Hold Time 
30 
ns 


tPLOV 
PSEN 
Read Access 
Time 
120 
ns 


tPHDX 
Data Hold Time 
0 
ns 


tELLL 
Chip Enable 
Setup Time 
7 
ns 


PWPL 
PSEN 
Pulse Width 
150 
ns 


tps 
PSEN Setup Time 
30 
ns 


tPH 
PSEN 
Hold Time 
20 
ns 


tPHDZ (5) 
PSEN 
Disable 
to Output 
in High Z 
50 
ns 


tPLOX (5) 
PSEN to Output 
in Low Z 
10 
ns • 


Symbol 
Parameter 
Min. 
Max. 
Units 


tLHLL 
ALE Pulse Width 
80 
ns 


tAVLL 
Address 
Setup Time 
20 
ns 


tLLAX 
Address 
Hold Time 
30 
ns 


tRLDV 
RD Read Access 
Time 
120 
ns 


tRHDX 
Data Hold Time 
0 
ns 


tELLL 
Chip Enable 
Setup Time 
7 
ns 


PWRL 
RD Pulse Width 
150 
ns 


tRDS 
RD Setup Time 
30 
ns 


tRDH 
RD Hold Time 
20 
ns 


tRHDZ (6) 
RD Disable 
to Output 
in High Z 
50 
ns 


tRLDX (6) 
RD to Output 
in Low Z 
0 
ns 


Symbol 
Parameter 
Min. 
Max. 
Units 


tLHLL 
ALE Pulse Width 
80 
ns 


tAVLL 
Address 
Setup Time 
20 
ns 


tLLAX 
Address 
Hold Time 
30 
ns 


tDVWH 
Data Setup Time 
50 
ns 


tWHDX 
Data Hold Time 
30 
ns 


tELLL 
Chip Enable 
Setup Time 
7 
ns 


tWLWH 
WR Pulse Width 
120 
ns 


tWRS 
WR Setup Time 
30 
ns 


tWRH 
WR Hold Time 
20 
ns 


tSLC 
Byte Load Time (Page Write) 
0.5 
100 
~s 


twc 
(7) 
Write Cycle Time 
5 
ms 


Note: 
(7) 
twe is the minimum cycle time to be allowed from the system perspective 
unless polling techniques 
are used. It is the maximum 
time the device requires to automatically 
complete the internal write operation. 


• 


X88C64 
_T 


xL Temperature 
Range 
Blank = Commercial 
= O°C to +70°C 
I = Industrial 
= -40°C 
to +85°C 


M = Military = -55°C 
to + 125°C 


MB = MIL-STD-883 


Package 
P = 24-Lead 
Plastic 
DIP 
S = 24-Lead 
SOIC 


LIMITED WARRANTY 
Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification 
provisions appearing in its Terms of Sale only. Xicor, Inc. makes 


no warranty, 
express, statutory, implied, or by description 
regarding the information set forth herein or regarding the freedom of the described 
devices from patent infringement. 
Xicor, Inc. makes no warranty of merchantability 
or fitness tor any purpose. Xicor, Inc. reserves the right to 
discontinue 
production 
and change specifications 
and prices at any time and without notice. 


Xicor, Inc. assumes no responsibility 
for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product. No other circuits, patents, 


licenses are implied. 


us. PATENTS 
Xicor products are covered by one or more of the following U.S. Patents: 4,263,664; 4,274,012; 4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 


4,404,475; 4,450,402; 4,486,769; 4,488,060; 4,520,461; 4,533,846; 4,599,706; 4,617,652; 4,668,932; 4,752,912; 4,829,482; 4,874,967; 4,883,976; 
4,980,859; 5,012,132; 
5,003,197; 5,023,694. 
Foreign patents and additional patents pending. 


LIFE RELATED 
POLICY 
In situations 
where semiconductor 
component 
failure may endanger life, system designers 
using this product should design the system with 


appropriate 
error detection and correction, 
redundancy and back-up features to prevent such an occurrence. 


Xicor's products are not authorized for use as critical components 
in life support devices or systems. 


1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain life, 


and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be reasonably expected 
to result in a significant injury to the user. 


2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to cause the failure 


of the life support device or system, or to affect its satety or effectiveness. 


• 


~CO~ 
#4 
Design Engineering Bulletin 


SLIC® E2PROM Simplifies Embedded Systems 
Firmware / Software Programming and IJpdating 
T 
he new SUC E2PROM devices provide 
embedded 
systems with a convenient 
method 
to program/update 


firmware 
and parametric 
data while reducing chip count and offering substantial 
cost savings. The SUC E2PROM 


devices, 
without 
a need for an external 
latch, are addaptable 
to multiplexed 
address/data 
buses of the most popular 
microcontrollers. 
The SUC E2PROMs are SV in circuit re-programmable, 
thus eliminating 
off board programming 
and 
storage costs. The application 
firmware 
is transferred 
to the SUC E2 over the communication 
link established 
between 


the target system 
board 
and a host computer. 
This may be done many times during 
life of the end product, 
either at 


different 
stages of the manufacturing 
process, or after the system is installed 
in the field. 
The 88C64/80S1 
and 68C64/68HCll 
SUC E2PROMs 


have 
8Kx8 of program/data 
storage, 
approximately 
500 


bytes of that are taken up by the SUC E2 code. Other ad- 
vanced 
features 
of the SUC E2PROM family are: the con- 


current 
read/write 
capability, 
software 
data 
protection 


(SDP), block protection 
(BPR), and byte/page 
alterablity. 


The SUC E2PROM devices contain controller 
specific 


routines 
written 
in assembly 
language 
to handle 
the fol- 


lowing 
tasks: 
Boot firmware, 
Receive/ 
Transmit 
buffer 


management, 
command 
parser, system reset, device pro- 


gramming/verifying, 
and other device dependent 
opera- 


tions. Using subroutine 
calls, the system 
application 
pro- 


grams may interface 
the SUC E2PROM BIOS code for I/O 


operations. 


r----------------------------- 
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XK88 / 80C31 SLIC®E2Development System 


XK88 SUC Development 
System provides a complete 
design environment for 80C]1 based systems. 


T 
he XK88 Development 
System is ideal for 80CS1 
based embedded 
system applications. 
It is useful for pro- 


gram 
debugging 
and/ or 88C64 SUC E2 evaluation. 
The sup- 
plied emulation 
cable allows this system to replace a microcon- 
troller in an existing 
design, 
and by transferring 
system 
firm- 


ware to the on-board 
SUC E2, execute and modify 
that code. 


A prototype 
area is provided 
to design 
in additional 
func- 
tions. The diskette contains 
all the program 
files, device driver, 


and schematics 
drawing 
of the board along with the ORCAD's 
library files. 
The XK88 is available 
from Xicor or Xicor's distributors. 
To 


order a XK88 SUC E2 Development 
System directly from Xicor. 


ApPLICATION 
NOTES 
AND DEVELOPMENT 
SYSTEM 


AVAILABLE 


AN62-64 
• AN66 • AN68 • XK88 
iCOP 


® 
80C51 Microcontroller 
Family Compatible 


64K 
X88C64 SLIC® E2 


E2 Micro-Peripheral 


FEATURES 


SUC (SELF LOADING INTEGRATED CODE) 
FIRMWARE 


• Automatically 
Downloads 
User's Software into 


8051 Based Systems 


• Features Load, Verify, and Block Protection 


Capabilities 


• Transfers 
Baud Rate 9600 at 11MHz 


• CONCURRENT READ WRITE™ 
-Dual 
Plane Architecture 


-Isolates 
ReadlWrite Functions 


Between Planes 


-Allows 
Continuous 
Execution of Code 


From One Plane While Writing in 
the Other Plane 


• Multiplexed 
Address/Data 
Bus 


-Direct 
Interface to Popular 8051 Family 


• Block Protect Register 


-Individually 
Set Write Lock Out in 1K Blocks 


• Toggle Bit Polling 
-Early 
End of Write Detection 


• Page Mode Write 


-Allows 
up to 32 Bytes to be Written in 


One Write Cycle 


DESCRIPTION 


The X88C64 SUC E2is a highly integrated E2 Micro- 
controller peripheral which combines the functional- 
ity of the X88C64 component with pre-loaded 
soft- 


ware routines allowing any embedded system using 
it to upgrade and download software via the serial 
port. This self-loading integrated code eliminates the 
need to initially program the firmware into a memory 
device at the time of initial manufacture. 
The SUC 


routines also greatly facilitate the loading of subse- 
quent versions of the firmware into the system. 


The SUC routines consist of approximately 500 bytes 
of instructions for the 8051 which will initialize the 
microcontroller and its on-board UART and download 
the user's software through the UART. The baud rate 
for the transfer is 9600 based on a crystal frequency 
• 


of 11MHz. Data transfer 
is accomplished 
using a 


proprietary format called XCOM. Xicor also has de- 
veloped a program for IBM PCs and compatibles 
called XSUC, which will translate an Intel HEX format 
file into XCOM format and upload the program to an 
X88C64 SUC E2. 


The X88C64 device itself is an 8K x 8 E2pROM 
fabricated with advanced CMOS Textured Poly Float- 
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ing Gate Technology. The X88C64 features a Multi- 
plexed Address and Data bus allowing direct inter- 
face to a variety of popular single-chip microcontrollers 
operating in expanded multiplexed mode without the 
need for additional interface circuitry. 


The X88C64 is internally configured as two indepen- 
dent 4K x 8 memory arrays. This feature provides the 
ability to perform nonvolatile memory updates in one 
array and continue operation out of code stored in the 
other array; effectively 
eliminating 
the need for an 


auxiliary memory device for code storage. 


To write to the X88C64 SUC E2, a three-byte com- 
mand sequence must precede the byte(s) being writ- 
ten. This sequence called Software Data Protection 


PIN CONFIGURATION 
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prevents the loss of data or program information due 
to inadvertant write cycles during power-up or power- 
down. The X88C64 SUC E2 also provides a second 
generation software data protection scheme called 
Block Protect. 


Block Protect can provide write lockout of the entire 
device or selected 1K blocks. There are eight 1K x 8 
blocks that can be write protected individually in any 
combination 
required by the user. Block Protect, in 
additional to Write Control input, allows the different 
segments of the memory to have varying degrees of 
alterability in normal system operation. 


For further 
information 
on the X88C64 
hardware 


interface, consult the X88C64 Data Sheet. 


Symbol 
Description 


ALE 
Address Latch Enable 


AIDa-AID? 
Address Inputs/Data I/O 


A8-A12 
Address Inputs 


RD 
Read Input 


WR 
Write Input 


PSEN 
Program Store Enable Input 


CE 
Chip Enable 


WC 
Write Control 


Vss 
Ground 


Vcc 
Supply Voltage 


X88C64 
_T 
Temperature 
Range 
Blank = Commercial 
= O°C to +70°C 
I = Industrial 
= -40°C 
to +85°C 


M = Military = -55°C 
to + 125°C 


Package 
P = 24-Lead 
Plastic 
DIP 


S = 24-Lead 
SOIC 


xL 


LIMITED WARRANTY 
Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification 
provisions appearing in its Terms of Sale only. Xicor, Inc. makes 


no warranty, 
express, statutory, 
implied, or by description 
regarding the information set forth herein or regarding the freedom of the described 
devices from patent infringement. 
Xicor, Inc. makes no warranty of merchantability 
or fitness for any purpose. Xicor, Inc. reserves the right to 
discontinue 
production 
and change specifications 
and prices at any time and without notice. 


Xicor, Inc. assumes no responsibility 
for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product. No other circuits, patents, 


licenses are implied. 


US. PATENTS 
Xicor products are covered by one or more of the following U.S. Patents: 4,263,664; 4,274,012; 4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 


4,404,475; 4,450,402; 4,486,769; 4,488,060; 4,520,461; 4,533,846; 4,599,706; 4,617,652; 4,668,932; 4,752,912; 4,829,482; 4,874,967; 4,883,976; 
4,980,859; 
5,012,132; 
5,003,197; 5,023,694. 
Foreign patents and additional patents pending. 


LIFE RELATED 
POLICY 


In situations 
where semiconductor 
component 
failure may endanger life, system designers 
using this product should design the system with 
appropriate 
error detection and correction, 
redundancy and back-up features to prevent such an occurrence. 


Xicor's products are not authorized for use as critical components 
in life support devices or systems. 
1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain life, 


and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be reasonably expected 
to result in a significant 
injury to the user. 


2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to cause the failure 
of the life support device or system, or to affect its safety or effectiveness. 
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X88C75 SLIC® E2 Microcontroller Peripheral adds 110 ports, 
E2PROM, Static RAM, Interrupt controller and Address 
Decoding Logic to 80C31 Family 


X88C75 SLIC Provides Complete 
Solution 
to Firmware in Embedded 
Systems 


T 
he need for software upgradability 
is becoming increasingly 
important 
in embedded 
systems. 
The X88C75 SUC 
device provides 
a complete hardware 
and software solution to this need. The device is delivered with a small library of 
routines loaded into the device. 
Upon initial power-up, 
the 8OC31will be initialized, and the SUC firmware will download 
the 


applications 
software 
through 
the UART on the 80C31. 
Subsequent 
downloads 
can be performed 
by re-invoking 
the SUC 
firmware to allow the applications 
software to be changed once the system is in the field. The software update can be performed 
over an RS232 interface, a network connection, 
a local 
serial bus, RF link or a fiber optics cable. The updates 
may be performed 
in a random 
fashion allowing 
a 
single byte, numerous 
bytes or the entire applications 
program 
to be updated. 
Designing systems based on the X88C75 SUC E2 
is simplified by making the SUC firmware 
routines 
readily available to the application 
software. 
A PC 
based program called XSUC was developed 
to handle 
the X88C75 SUC to host system interface. 
The XSUC 
facilitates reconfiguration 
of the communication 
link 
parameters 
and downloading 
application 
programs 
to the target system. 
Provisions have also been made 
to relocate 
the SUC 
firmware 
in case of address 
conflicts with on chip resources of the 80C51 deriva- 
tive employed 
by the system. 


T 


he X88C75 SUC Microcontroller 
Peripheral 
is the ideal enhancement 
to 8OC31 type systems. 
The device features 8K Bytes of E2pROM 
which may be used for either program or data storage and 16bytes of static RAM 
for data parameter 
storage. 
The sophisticated 
16 I/O lines are configurable 
as 
either Inputs or Outputs with two additional 
strobing signals for either latching 
data into the ports or for strobing 
data out. 
The Programmable 
Interrupt 


controller can be configured 
to generate interrupts 
from either data input into 
the ports or the completion 
of the internal E2pROM write cycle. The E2PROM 


features concurrent 
read during write :l::eration which allows the controller to 
continue program execution from the E PROM during a write cycle to the same 
device. 
All internal 
resources 
are memory mapped 
and their location is pro- 
grammable 
through 
the internal 
nonvolatile 
programmable 
decoder. 
This 
allows multiple X88C75 SUC devices to be used to provide up to 64K bytes of 
E2PROM, 128Bytes of RAM and 128I/O lines without any additional logic. The 
X88C75 SUC device also features an optional LAM (Latched Address 
Mode) 
mode of operation 
where the 8- I/O lines of port B are used to output 
the de- 
multiplexed 
low order 
address 
byte of the BOC31 bus. 
This simplifies 
the 
inclusion of standard 
byte-wide 
memory devices such as SRAM, NOVRAM or 
EPROM into the system applications. 
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Upon initial power-up, 
the 80C31 will be initialized, 
and the SUC firmware 
will 
download 
the applications 
software 
through 
the UART on the 80C31. 


X88C75 
Combines 
E'PROM, 
RAM, I/O Ports and 


Interface 
logic into an integrated, 
cost effective 
E' 


Micropheripheral. 


APPLICATION 
NOTES 
AVAILABLE 
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X88C75 
SLIC® E2 Microperipheral 


Port Expander and E2 Memory 


FEATURES 


• Highly Integrated Microcontroller Peripheral 


-8K 
x 8 E2 Memory 


-2 x 8 General Purpose Bidirectional VO Ports 
-16 
x 8 General Purpose Registers 


-Integerated 
Interrupt Controller Module 


-Internal 
Programmable Address Decoding 


• Self Loading Integrated Code (SLlC) 
-On-Chip 
BIOS and Boot Loader 


-IBM/PC 
Based Interface Software(XSLlC) 


• Concurrent Read During Write 


-Dual 
Plane Architecture 


• Isolates ReadlWrite Functions Between Planes 
• Allows Continuous Execution Of Code From 


One Plane While Writing In The Other Plane 


• Multiplexed AddresslData Bus 


-Direct 
Interface to Popular 80C51 Family of 


Microcontrollers 


• Software Data Protection 


-Protect 
Entire Array During Power-up/-down 


• Block Lock™ Data Protection 


-Set 
Write Lockout in 1K Blocks 


• Toggle Bit Polling 


• High Performance CMOS 
-Fast 
Access Time, 120ns 
-Low 
Power 


• 60mA Active 
• 100llA Standby 
• PDIP, PLCC, and TQFP Packaging Available 


DESCRIPTION 


The X88C75 SUC is a highly integrated peripheral for 
the 80C51 family of microcontrollers. The device inte- 
grates8K-bytes of5V byte-alterable nonvolatile memory, 
two bidirectional 8-bit ports, 16 general purpose regis- 
ters, programmable internal address decoding and a 
multiplexed address and data bus. 


The 5V byte-alterable nonvolatile memory can be used 
as program storage, data storage, or a combination of 
• 
both. The memory array is separated into two 4K-bytes 
sections which allows read accesses to one section 
while a write operation is taking place in the other 
section. The nonvolatile memory also features Software 
Data Protection to protect the contents during power 
transitions, and an advanced Block Protect register 
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which allows Individual blocks of the memory to be 
configured as read-only or read/write. 


Each bidirectional port consists of 8 general purpose 
I/O lines and 1 data strobe line. The ports also feature a 
configurable interrupt request output. 


Access to the X88C75 is accomplished through the 
multiplexed address/data bus of the 80C51 type control- 
lers. An internal programmable address decoder maps 
the internal memory and register locations into the 
desired address space. 


ARCHITECTURAL 
OVERVIEW 


The X88C75 incorporates the interface circuitry nor- 
mally 
needed 
to decode 
the control 
signals 
and 


demultiplex the address/data bus to provide a "searn- 
less" interface. 


The control inputs on the X88C75 are configured such 
that it is possible to directly connect them to the proper 
interface signals of the 80C51 microcontroller. The 
reading of data frorn the chip is controlled either by the 
PSEN or the RD signal, which essentially rnaps the 
X88C75 into both the Prograrn and the Data Memory 
address map. 


RD 


ALE 


PSEN 


WC 


RESET 


IRQ 


Reading and writing of the nonvolatile memory array is 
analogous to RAMoperation. During a write operation to 
either the nonvolatile memory or the control registers, 
ALE latches the address to be written into the X88C75. 
The rising edge of WR latches the data to be written. 


The nonvolatile memory of the X88C75 is internally 
organized as two independent arrays of 4K-bytes with 
the A12 input selecting which of the two planes of 
memory is to be accessed. While the processor is 
executing code out of one plane, write operations can 
take place in the other plane; allowing the processor to 
continue execution of code out of the X88C75 during a 
byte or page write to the device. This feature is called 
Concurrent Read During Write. 


The X88C75 also features an advanced implernentation 
of the Software Data Protection scheme, called Block 
Lock Protect, which allows the nonvolatile memory array 
to be treated as 8 independent sections of 1K-bytes. 
Each of these sections can be independently enabled 
for write operations. This allows segmentation of the 
memory contents into writable and non-writable sec- 
tions, thereby, allowing certain sections of the device to 
besecured sothat updates can only occur in a controlled 
environment. (e.g. in an automotive application, only at 


16X8 
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REGISTERS 


PORT 


SPECIAL 
FUNCTION 
REGISTERS 


an authorized 
service 
center). 
The Block 
Protect 
con- 
figuration 
is stored 
in a nonvolatile 
register, 
ensuring 
that the configuration 
data will be maintained 
after the 
device 
is powered-down. 


The X88C75 
write control 
input, serves 
as an external 
control overthe 
completion 
of a previously 
initiated page 
load cycle. 


The X88C75 
also features 
the industry 
standard 
5V E2 
memory 
characteristics 
such as byte or page mode write 
and Toggle 
Bit Polling. 


Read 


A HIGH to LOW transition 
on ALE latches 
the address; 


the data will be output on the AD pins after either RD or 
PSEN 
goes LOW (tRDLV)' 


Write 


A write 
is performed 
by latching 
the addresses 
on the 
falling edge of ALE. The WR is strobed 
LOW followed 
by 
valid data being presented 
on the ADo-AD? 
pins. The 
data will be latched 
into the X88C75 
on the rising edge 
of WR. 


Page Write Operation 


The X88C75 
supports 
page mode write operations. 
This 
allows the microcontroller 
to write from one to thirty-two 
bytes of data to the X88C75. 
Each individual 
write within 
a page write operation 
must conform 
to the byte write 
timing 
requirements. 
The falling 
edge 
of WR starts 
a 
timer 
delaying 
the internal 
programming 
cycle 
1OOIlS: 


therefore, 
each successive 
write operation 
must begin 
within 
100llS 
of the 
last 
byte 
written. 
The 
waveform 
on 
page 
4 
illustrates 
the 
sequence 
and 
timing 
requirements. 


PIN NAME 
I/O 
DESCRIPTION 


RESET 
I 
RESET is used to initialize the internal static registers and has no effect on the E2 memory opera- 
tions. The default active level is HIGH, but it can be reconfigured in EEM register. 


PSEN 
I 
Content of E2 memory can be read by lowering the PSEN and holding both RD and WR HIGH. The 
device then places on the data bus (AD7-ADo) the contents of E2 memory at the latched address. 


STRA,STRB 
I/O 
The STRA controls port A and STRB controls port B. When ports are configured as inputs, a valid 
transition on their strobe pins will latch into their port data register the data present at the port input 
pins. Writing to an output port data register generates a pulse of fixed duration on its corresponding 
strobe pin. The output data presented at the output pins stay valid until the next data is written to the 
output port data register. 


PA7-PAo 
I/O 
The I/O lines of port A. The output driver can be configured as either CMOS or open-drain using the 
AWO bit in CR. The I/O direction bit (DIRA) in CR is used to select port A I/O mode. 
PB7-PBo 
I/O 
The I/O lines of port B. The output driver can be configured as either CMOS or open-drain using the 
BWO bit in CR. The I/O direction bit (DIRB) in CR is used to select port B I/O mode. 


A15-As 
I 
Non-multiplexed high-order Address Bus inputs for the upper byte of the address. 


AD7-ADo 
I/O 
Multiplexed low-order Address and Data Bus. The addresses are latched when ALE makes a HIGH 
to LOW transition. 
WR 
I 
During a byte/page write cycle WR is brought LOW while RD is held HIGH and the data is placed on 
the Data Bus. The rising edge of WR will latch the data into the device. 


RD 
I 
The RD input is active LOW and is used to read content of either the E2 memory or the SFR at the 
latched address. Both PSEN and WR signals must be held HIGH during RD controlled read 
operation. 
IRQ 
0 
The IRQ is an open-drain output. It can be configured to signal latching of new data into any of the 
ports, and/or completion of the E2 memory internal write cycle. 


WC 
I 
WC input has to be held LOW during a write cycle. It can be permanently tied HIGH in order to 
disable write to the E2 memory. Taking WC HIGH prior to tSLC(1 OO~s,the time delay from the last 
write cycle to the start of internal programming cycle) will inhibit the write operation. 
CE 
I 
The device select (CE) is an active LOW input. This signal has to be asserted prior to ALE HIGH to 
LOW transition in order to generate a valid internal device select signal. Holding this pin HIGH and 
ALE LOW will place the device in standby mode. The ports stay active at all times. 
ALE 
I 
Address Latch Enable input is used to latch the addresses present on the address lines A15-As and 
AD7-ADo into the device. The addresses are latched when ALE transitions from HIGH to LOW. 
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Toggle Bit Polling 


Because 
the X88C75 
typical write timing is less than the 


specified 
5ms, Toggle 
Bit Polling 
has been provided 
to 
determine 
the early completion 
of a write cycle. 
During 
the internal 
programming 
cycle, 
1/06 will toggle from "1" 
to "0" and "0" to "1" on subsequent 
attempts 
to read from 
the 
memory 
plane 
that 
is being 
updated. 
When 
the 


internal 
cycle 
is complete, 
the toggling 
will cease 
and 


the device will be accessible 
for additional 
read or write 


operations. 
Due to the dual plane architecture, 
reads for 


polling must occur from the plane that was written; 
that 


is, the state of A12 during 
a write must match the state 
of A12 during 
polling. 
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The 
X88C75 
provides 
two 
levels 
of data 
protection 
through 
software 
control. There is a global software 
data 


protection 
feature 
similar 
to the industry 
standard 
for 
E2PROMs 
and a new Siock Lock Protect 
write lockout 


protection 
providing 
a secondary 
level 
data 
security 


option. 


Software Data Protection 


Software 
Data 
Protection 
(SOP) 
can be employed 
to 


protect the entire array against inadvertent 
writes during 


power-up/power-down 
operations. 
The 
X88C75 
is 


shipped 
from the factory 
with SOP enabled. 
With SOP 


enabled, 
inadvertent 
attempts 
to write to the X88C75 will 


be blocked. 


The system 
can still write data, but only when the write 


operation 
(page 
or byte) is preceded 
by the three-byte 


command 
sequence. 
All write operations, 
both the com- 


mand 
sequence 
and 
any data 
write 
operations 
must 


conform 
to the page write timing 
requirements. 


Figure 2. 


I b2 
b1 
bOI Reference the A15-A 13 


setting in EEM register 


P = Address bit (A12) of the 
updated memory plane 


Writing With SOP Enabled 


The 
SOP 
mode 
is also 
enabled 
anytime 
one 
of the 


nonvolatile 
configuration 
registers 
are modified. 
These 


include 
writing 
to EE map, SFR map, and SPA. 


Figure 3. Sequence to Deactivate Software Data 
Protection 


I b2 
b1 
bOI Reference the A15-A 13 


setting in EEM register 


P = Address bit (A12) of the 
memory plane not being read. 


Block Lock Protect Write Lockout 


The X88C75 
provides 
a second 
level of data security 


referred to as Siock Lock Protect write lockout 
(or Siock 


Protect). 
This is accessed 
through 
an extension 
of the 
SOP command 
sequence. 
Siock Protect allows the user 


to lockout writes to 1K x 8 blocks of memory. 
Unlike SOP 
which 
prevents 
inadvertent 
writes, 
but still allows 
easy 


system access to writing the memory, 
Siock Protect will 
lockout 
all attempts 
unless 
it is specifically 
disabled 
by 


issuing the deactivation 
sequence. 
This feature 
can be 


used to set a higher level of protection 
in a system where 
a portion 
of the memory 
is used 
to store 
the system 


kernel 
and 
protect 
it from 
the 
application 
programs 
residing 
in the other blocks. 


Setting 
write lockout 
is accomplished 
by writing 
a five- 


byte command 
sequence 
opening 
access 
to the Siock 


Protect Register 
(SPR). After the fifth byte is written, 
the 
user writes to the SPR, selecting 
which blocks to protect 


or unprotect. 
All write 
operations, 
both the command 


sequence 
and writing the data to the SPR, must conform 
to the page write timing requirements. 
It should be noted 


• 


that accessing the BPR automatically sets the upper 
level SDP. If for some reason the user does not want 
SDP enabled, they may reset it using the normal reset 
command sequence. This will not affect the state of the 
BPR and any 1K x 8 blocks that were set to the write 
lockout state will remain in the write lockout state. 


BLOCK 
ADDRESS 


0000-03FF 


0400-07FF 


0800-0BFF 


OCOO-OFFF 


1000-13FF 


1400-17FF 


1800-1BFF 


1COO-1FFF 


"1" = Protect, "0" = Unprotect Block Specified 
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The BPR format and block map are illustrated above. 
The command sequence is illustrated to the right. 


(BPR Register Set Global SOP Set) 


Ib2 
b1 
bolReferencetheA15-A13 


~~~~settlng 
In E2M register 
P = Address bit (A 12) of the 


memory plane not being read. 


0000 


1FFF 


0000 


0030 


USER 
APPLICATION 
CODE/DATA 


8K BYTES OF BYTE 
ALTERABLE DUAL 
PLANE ARCHITECTURED 
NON-VOLATILE MEMORY 
(MAPPABLE TO ANY 8K 
PAGE BY THE E2M BITS 2-D) 


SRF (SPECIAL FUNCTION 
REGISTER) BLOCK 
(MAPPABLE TO ANY 1K 
PAGE BY THE SFRM 
REGISTER) 


NOTE: • The value returned by reading these registers is the complement 
of the 
actual data. These registers are nonvolatile 
and a special SDP sequence 


is used to alter their contents. All the other registers are initialized by a 
valid reset input signal and when the device is power cycled. 


Programmable 
Address 
Decoding 


The 
X88C75 
features 
an internal 
programmable 
ad- 
dress 
decoder 
which 
allows 
the 
nonvolatile 
memory 


array and the internal 
registers 
to be mapped 
in various 


locations 
of the 64K-byte 
memory 
map. The register set 


is mappable 
into a 1K-byte 
block, while the nonvolatile 


memory 
array 
is mappable 
into an 8K-byte 
block. The 


mapping 
is controlled 
by two nonvolatile 
configuration 


registers, 
the SFR 
Map 
Register 
and the E2 Memory 


Map Register. 
Their 
bits are mapped 
as follows: 


The A 15-A 10 are upper 
address 
bits for the 
1K-byte 


page where the SFR memory 
is mapped. 


Setting these two bits to any combination 
other than "00" 
or "11" will interfere 
with device 
proper 
operation. 


Modifying 
these 
three 
bits changes 
the location 
of the 
program 
memory 
within the address 
map.The 
A 15-A 13 
correspond 
to the upper 
three 
address 
bits of the 8K- 
byte page where 
program 
memory 
will be mapped. 


RST 


The RST bit controls 
the polarity of the RESET input pin. 


"0" = RESET 
is Active 
LOW 


"1" = RESET 
is Active 
HIGH 


Port B can be configured 
as either 
a general 
purpose 
I/O port (normal 
I/O mode), 
or latched 
address 
mode 
(LAM). 
The LAM option 
programs 
port B to output 
the 
demultiplexed 
low order byte of the address 
latched into 
the X88C75 
by ALE. The LAM bit selects between these 
two modes. 


"0" = PORT 
B is I/O Port 


"1" = Port B outputs 
low address 
byte (A7-AO) 


Setting 
the Mapping 
Registers 


The 
mapping 
registers 
are 
written 
using 
a modified 
version 
of the Software 
Data Protection 
sequence. 
All 
timings 
must adhere 
to the normal 
Software 
Data Pro- 
tection 
sequence. 


The complemented 
contents 
of the SFR map register 
and the E2 memory 
map register 
can be read by the 
microcontroller 
at their corresponding 
SFR addresses. 


The physical 
memory 
location 
of these registers 
can be 
derived 
by adding 
the following 
offset to the SFR base 
address: 


SFR Map Register 


E2 Memory 
Map Register 


OOH 


38H 


If the regions specified 
in the map registers overlap, only 
the SFR will be accessible. 


x = Don't 
Care 
B[2:0] = E2M [2:0] 


P = Address 
bit (A 12) of the 
memory 
plane 
not being 
read. 


x = Don't 
Care 
B[2:0] = E2M 
[2:0J 


P = Address 
bit (A 12) of the 
memory 
plane 
not being 
read. 


Interrupt Status Register (ISR) 


The Interrupt Status Register is a volatile register used 
to configure the interrupt condition for the I/O ports as 
well as to determine the interrupt status of the ports. The 
X88C75 ports can generate an interrupt to the microcon- 
troller upon the proper transition (as specified in the 
configuration register) on either STRA or STRB pins 
when the corresponding I/O port is configured as an 
input. 


The INT flag is set when any of the input strobes are 
toggled provided that their corresponding interrupt en- 
able bits (ENA, ENB) are set. The INT flag is cleared 
when latched data is read (PDR) or pending interrupt 


status flag (INTA, INTB) in ISR is forced to "0" by the 
interrupt service routine. Interrupt service routine should 
examine the interrupt status flags (INTA, INTB) and 
identify the source of pending interrupt. 


The E2 memory interrupt status flag (EOW) is another 
means to detect the early completion of a write cycle. 
When ENEE is enabled, the hardware will set the EOW 
flag, and interrupt the microcontroller at the end of an 
internal programming cycle. Toggle Bit Polling can be 
replaced by this hardware interrupt, which reduces the 
software overhead. The EOW flag should be cleared by 
software. The interrupt status register bits are mapped 
as follows. 


Interrupt Flag 
"0" = No pending interrupt 
"1" = Interrupt request 


Port A - Interrupt Status 
"0" = No pending interrupt 
"1" = Port A latched data when a valid 
transition occurred on the STRA 
and port A was an input port. 


Port B - Interrupt Status 
"0" = No pending interrupt 
"1" = Port B latched data when a valid 


transition occurred on the STRB 
and port B was an input port. 


Port A - Interrupt Enable 
"0" = Mask off interrupt 
"1" = Interrupt enabled 


111 
EEPROM Interrupt Status 
"0" = Programming 
in progress 


"1" = Set by hardware when it completes 


programming 
the previously 
written data 


EEPROM Interrupt Enable 
"0" = Mask off interrupt 
"1" = Interrupt enabled 


Port B - Interrupt Enable 
"0" = Mask off interrupt 
"1" = Interrupt enabled 


Configuration 
Register 
(CR) 


The Configuration Register is a volatile register used to 
configure the operation of the I/O ports. The configura- 
tion register allows the microcontroller to designate 
whether each of the two ports is an input or output, what 
type of output drive isto be used, and what isthe polarity 
of the two strobe lines, STRA and STRB. The bit map 
of configuration register is shown below. 


The IRST bit in the configuration register controls the 
method 
used to clear the port 
interrupt 
request 


flags(INTA, INTB). The interrupts are reset by either 
reading the interrupt source or writing to the Interrupt 
Status Register. The interrupt must be disabled prior to 
changing strobe polarity bits(STPA, SPTB), 
or port 


direction bits (DIRA, DIRB) in CR. Otherwise, any at- 
tempt to modify status of these bits may cause an 
interrupt to occur. 


Port Data Registers 
(PDR) 


The PDRAlPDRB are byte-wide latches which hold port 
data. When a port is configured as output, the outputs 
of its PDR latch are connected to the port pins. Writing 
to PDR generates a pulse on the port strobe pin and 
latches the data. If a port is configured as an input, the 
inputs of its PDR latch are connected to the port pins. 
External data is latched into PDR on the positive edge of 
its clock. The port strobe input and strobe polarity bit 
(STPA, STPB) 
are XORed 
to generate 
the PDR 


input clock. 


Port Pin Registers 
(PPR) 


The read-only Port Pin Registers are used for reading 
the current status of the external I/O port pins. Accessing 
the PPR causes the values on the port pins to be placed 
on the data bus. 


The port direction control bits in configuration register 
set the direction for the entire port and no control 
mechanism is provided to program the direction of 
individual pins. However, the ports have a flexible archi- 
tecture which allows operating the I/O ports in bidirec- 
tional mode using the PPR read feature. 


A port can be operated in inpuVoutput mode by config- 
uring it as an open-drain output port. The port wire-OR 
bit (AWO, or BWO in CR) and its port data direction bit 
(DIRA, or DIRB in CR) should be setto "1".The PDR bits 
which correspond to the port pins assigned as inputs 
should be programmed to "1". For monitoring the status 
of the input pins, the PPR can be read. Inthis application 
the port strobe pin and the PDR latch are in output mode. 
In open-drain mode, there are weak internal pull-ups on 
the port pins, however external pull-ups must be used for 
proper switching of the I/O lines. 


STATIC 
RAM BLOCK 


There are 16 bytes of volatile static RAM registers 
mapped to the SFR region. They reside in the 200H- 
20FH area offset from the SFR base address. Access- 
ingthese registers has to bedone through external RAM 
operations for both writes and reads. 


Interrupt Request Reset Mode 
This bit controls the clearing at the 
interrupt request flag. 
"0" = Reading the interrupt source 
"1" = Writing to the request register 


Pon A - Outputs 
"0" =CMOS 
"1" = Open-Drain 


Pon B - Outputs 
"0" = CMOS 
"1" = Open-Drain 


Strobe B - Strobe Pin Polarity 
"0" = Active LOW 
"1" = Active HIGH 


Strobe A - Strobe Pin Polarity 
"0" = Active LOW 
"1" = Active HIGH 


Pon B - Direction Flag 
"0" = Input mode 
"1" = Output mode 


Pon A - Direction Flag 
"0" = Input mode 
"1" = Output mode 


PRINCIPLES OF OPERATION 


I/O Port Operation 


The 
expansion 
ports 
are 
accessible 
to the 
software 


using their assigned 
memory 
mapped 
addresses. 
Each 


port occupies 
two addresses 
in the SFR plane, the Port 


Data 
Register 
and 
Port Pin Register. 
These 
registers 


and their location 
in the 1K-byte register 
memory 
space 


is shown 
on page 7. 


The ports can be configured 
as either inputs or outputs, 


the DIRA and DIRB bits in the configuration 
register are 


used to select 
between 
the modes. 
The input signal on 


the strobe 
pin, when the corresponding 
port is config- 


ured as an input, is fed to the clock input of the port latch. 
These 
are transparent 
latches 
and the trailing 
edge of 


the strobe pulse is used to latch the data present 
on the 


input 
pins. 
The 
strobe 
signal 
polarity 
is configurable 


using 
the 
STPA 
and 
STPB 
bits 
in the 
configuration 


register. 


Writing 
to the port data 
register 
of an output 
port will 


generate 
a pulse of fixed duration 
on its strobe pin. The 


data also simultaneously 
arrives 
at the port output pins. 
The latched 
data stays there until new data is written to 


PORT WRITE 


(PORT OUTPUT) 
LATCH FOR 
I/O PIN 


the port data register. 
The strobe 
pulse 
shape 
is con- 


trolled 
by the state of the STPA 
and STPB 
bits in the 
configuration 
register. A "1" forces the valid transition 
on 


the corresponding 
strobe 
pin as active 
HIGH (IL), 


and a "0" sets it to active 
LOW (LI). 


When 
an external 
strobe 
signal 
is applied 
to an input 


port, the latching 
of input data is followed 
by the setting 


of the interrupt 
flags. The INTA and INTB interrupt 
flags 


are used by ports A and B respectively, 
and are set along 


with the INT interrupt flag atthe end of strobe pulse input. 
External 
interrupt 
(IRQ) 
is generated 
if the 
interrupt 


enable 
flags 
(ENA and ENB) are set by the software. 


The former 
enables 
the port A interrupt 
and the latter 


enables 
the port B interrupt. 


The port output 
drivers 
can be either 
CMOS 
or open- 


drain. The wire-OR 
bits (AWO, 
BWO) 
in the configura- 


tion register 
are used to make the selection. 
When the 


bits are "0" the CMOS drivers are enabled. 
Setting these 


bits will enable the open-drain 
output drivers. 
Small pull- 
5 


up resistors 
should 
be used on the pins of open-drain 


ports. 


PORT 
OUTPUT 


PORT READ 
(PORT INPUT) 


PIN READ 
(PORT IN OR OUTPUT) 


IRQ 


The IRQ pin is an active LOW open-drain output. In 
embedded systems applications, this signal is con- 
nected to the microcontroller interrupt input pin through 
either a direct connection or via an interrupt controller. 


Table 1 depicts the three sources of interrupts and their 
associated flags. Under normal conditions, the INT and 
port interrupt flags are set, ifthe port which is configured 
as an input has its strobe line toggled. Ifthe port interrupt 
enable flag is set, or gets set while the INT flag is set, 
then the IRQ signal is asserted. The IRQ stays valid as 
long asthe interrupt flags are notcleared bythe software 
or the hardware. 


Another interrupt source is the End Of Write flag (EOW) 
which is set by the hardware at the end of every internal 
programming cycle. The interrupt from this source is 
controlled by the ENEE bit in ISR. If ENEE is enabled, 
then EOW can generate an external interrupt. The 
interrupt is cleared by setting EOW to "0". 


Table 1. X88C75 Interrupt 
Sources 


Interrupt 
Interrupt 
Status 
INT 
Source 
Enable 
Flag 
Flag 


PORTA 
ENA 
INTA 
"1" 
PORTS 
ENS 
INTS 
"1" 
EOW 
ENEE 
EOW 
- 


PORTS A & B INTERRUPTS 


The X88C75 features two 8-bit I/O ports which are 
equipped with a configurable interrupt module. The 
interrupts are used to signal the reception of new data at 
an input port data latch. When a port is configured as an 
output, it can no longer generate any interrupts. 


The input port interrupt mechanism is controlled by the 
external strobe pins (STRA, STRB). Detecting a valid 
transition on the pin will set the interrupt flags and latch 
in the input data. The external interrupts from the ports 
can be masked off using the interrupt enable bits (ENA, 
ENS) in ISA. 


Once an external interrupt is asserted, clearing the 
interrupt flags will cause the IRQ signal to return to its 
idle state. There are two ways of resetting the interrupt 
flags. The selection ·is made using the IRST bit in the 
configuration register. If IRST is set, then the interrupt 
flags are cleared by writing "0" to the bit positions 
corresponding to the interrupt flags (INTA, INTS) in ISR. 
When the IRST is cleared, reading the PDR automati- 
cally clears the interrupt flags. 


The individual clock signals, that control the PDR input 
latches and load the external data present on the port 
pins, are generated by XORing the strobe polarity bit 
and the strobe input of the port. The strobe polarity bits 
(STPA, STPS) in CR can be used to program the active 
edge of the strobe inputs. However, if the external 
strobe input is permanently tied to Vss or Vee, then the 
strobe polarity bit controls the PDR input latch clock 
signal. 


When a port strobe and its polarity bit have identical 
logic levels, the corresponding PDR latch is active and 
any change in the port inputs will show up at the PDR 
latch outputs. Holding the strobe input at current levels 
and changing the strobe polarity bit value will generate 
a positive transition on the PDR clock signal, causing 
the latch outputs to reflect the previous logic state of the 
port pins. The clock transition sets the interrupt flags, 
and ifthe interrupts have been enabled, then an external 
interrupt signal will be asserted. 


This feature allows the port input operation by perma- 
nently tying the STRx inputs to Vee or Vss, and using 
the STPx bits in CR to control PDR latches. Another 
advantage of this feature are software generated inter- 
rupts. Since the clocking of the PDR latch causes the 
corresponding port INTx flags to be set, by enabling the 
interrupts the microcontroller is forced to execute the 
ISR responsible to service the newly latched data. 


END OF WRITE (EOW) INTERRUPT 


The internal programming cycle requires several milli- 
seconds for either a single byte write or a page write. 
The updated memory plane is inaccessible while the 
programming is in progress. However, the opposite 
plane is still available for program fetch and data read 
operations. 


The X88C75 has two means of signaling end of an 
internal programming cycle. In the Toggle Sit Polling 
technique, the last written byte is successively read. Sit 
6 of read data toggles while the programming cycle is 
still in progress. The software has to continually monitor 
device responses and determine if it can again access 
the plane. 


In the other method, at the end of an internal program- 
ming cycle, the hardware sets the EOW flag. The 
software can either poll this flag or enable the interrupts 
by setting the ENEE bit in ISR. Effective use of EOW is 
made by clearing it prior to initiating a write operation. If 


the interrupt is enabled, an external interrupt will be 
asserted at the completion of the internal write cycle. 
The interrupt is cleared by setting EOW to "0". 


USING A PORT IN BIDIRECTIONAL MODE 


In order to use a port in bidirectional mode, it has to be 
configured as an open drain output port. Small pull-up 
resistors are required on all port output pins. Bit posi- 
tions in the Port Data Register corresponding to port 
inputs should contain "1". The inputs are then read by 
accessing PPR. Data is not latched into the device, so 
the inputs must stay valid throughout the read cycle. The 
port strobe pin is configured as an output and cannot be 
used as port latch clock input. 


SLiC FUNCTIONS (80C51 Specific SLlC) 


The resident SUC E2 has designated memory spaces 
allocated for its use. The user's application code should 
avoid using these areas as part of its code segment, 
otherwise it will overwrite the SUC E2.Version 3.0 of the 
X88C75 SUC E2 occupies 256 bytes in the upper 
memory bank, starting at address 1FOOH,and 288 bytes 
in the lower bank's address range 30H-14FH. Prior to 
downloading code, assemble and link the source files 
using the above address information. Use memory 
space taken up by the SUC E2 as a run-time data 
storage, if there is no further need to modify the X88C75 
SUC E2content. 


Figure 13. 


OOOOH---- 


The current version of the SUC E2configures the 80C51 
serial port to the variable baud rate mode. It sets a timer 
1 reload value for a system clock rate of 11.059MHz. For 
other clock rates end user must recalculate timer 1 


reload value for 9600 baud rate and write it into the 
X88C75 location 00E8H. The XSUC software, a PC 
based communication driver, automates changing of 
the default parameters when using its SETUP option 
menu.The boot-firmware (SUC) residing onthe X88C75 
contains a lookup table which can be accessed from the 
subroutine (EXEC_SUB), located at location 0126H. 
Two bytes are used per table entry. The EXEC_SUB 
input requirements are as follows: 


RO= Contains a Function Number from the following 
Function Table. 


The table entry at location (014E-014FH) is reserved for 
user's application code. This function will be executed 
on power-up if the SUC receives any characters other 
than those for the RESET (ASCII 'R'), or ID (ASCII 'X') 
commands. The table entry can be changed to point to 
other code responsible for power-up initialization. This is 
preferred method than changing the reset vector, since 
the SUC code can still be invoked upon power-up. 


Other functions available through the EXEC_SUB calls 
is as follows: 


FUNCTION NO. 
DESCRIPTION 


o - PROC_PROG 
Download and program a 
page 
1 - PROC BPR 
Program BPR 
2 - RESET 
Start execution from 
location OOOOH 
3 - PROC_VER 
Download and verify a page 
4-DUMMY 
Command not recognized 
5 - INIT_UART 
Initialize UART parameters 
to default 
6 - PROG PG 
Program a page 
7 - SEND_CHAR 
Send a character to the 
UART 
8 - GET_CHAR 
Reada characterfromthe 
RAM receivebuffer(40H-5FH) 


9 - SDP_HI_PLANE 
Generate SDP off sequence 
for upper plane 
10- SDP_LO_PLANE 
Generate SDP off sequence 
for lower plane 
11- USER_CODE 
Execute user's code 


For detailed information about the listed functions, in- 
cluding their input requirements, refer to the SUC soft- 
ware specification document. 


• 


This section 
gives 
examples 
of most widely 
used em- 
bedded 
systems 
architectures 
using the X88C75 
and 
80C51 
microcontroller. 
However, 
keep 
in mind 
that 
other microcontrollers 
are also supported 
by the X88C75 
and/or 
other SUC 
devices 
that Xicor manufactures. 


Example 1 


In this system, 
the X88C75 
is the only parallel 
device 
residing on the multiplexed 
address and data bus. There 
may be other peripherals 
on the system board which are 
controlled 
by the ports on the X88C75. 
This configura- 


tion maps the EEM to a program/data 
memory 
address 
in the range of 0000-1 FFFH. The SFRM can be mapped 
to any of the 64 x 1K pages 
within 
the data memory 
space. 


ALE 
WA 
AD 
PSEN 


A15:B 


AD7:0 


ALE 
WR 
AD 
PSEN 


Example 2 


Applications 
requiring 
more than 8K bytes 
of program 
memory 
space 
can 
be implemented 
using 
the 
basic 
system architecture 
depicted 
in example 
1 along with an 
additional 
memory 
device such as the X28C256. 
Since 
this device requires non-multiplexed 
address/data 
buses, 


the X88C75 
LAM feature 
is used to output the low order 
address 
byte. The SFRM can be mapped 
to any 64x1 K 
page, but the X28C256 
should 
be mapped 
to the upper 
program 
memory 
address 
space 
and 
out of the 
E2M 
address 
range (0000-1 FFFH.) This technique 
may also 
be used for other external 
byte wide memories 
such as 


SRAMs 
or EPROMs. 


A15:8 


AD7:0 


STRB 


PB 
A7:0 


CE 
OE 
WE 
1/07-1/00 
A14-AB 


'r 
PA 
--y' 


STRA - 
A15:8 
. 


AD7:0 
PB 
'> 
'r 
-v 


STRB 
X68C64 


ALE 
ALE 


WR 
WR 
RD 
RD 
PSEN 
PSEN 


EA 
ij 
CE 
RESET 


A15 
CE 
E 
AS 
SEL 


AD?,n 
WR 
AJD7·AlDO 
A12·A8 


Example 3 


If an application 
requires 
larger program 
memory 
stor- 


age and both extra ports, then example 
2 does not meet 


this requirement. 
Since the LAM feature 
uses port B to 


output the non-multiplexed 
address, 
then port B cannot 


be also used as general 
purpose 
I/O. The solution to this 


problem 
is to use X68C64, 
which 
interfaces 
to a multi- 


plexed bus and takes an active HIGH CE input. Example 
3 maps 
the 
X68C64 
to the top 8K program 
memory 


space 
in the 
range 
of 8000-FFFFH. 
This 
approach 


provides 
a total of 16K-bytes 
of program 
memory. 
Using 


the same approach, 
two additional 
X68C64 
device can 


be added and A 13-A 14 can be used as their CE inputs, 


for the total of 32K-bytes 
of program 
memory. 
Ports A 


and B are still available 
to handle 
any general 
purpose 


I/O functions. 


Example 4 


For those 
applications 
using extensive 
I/O, up to 128 


I/O pins are obtained 
by placing 8 of the X88C75 
devices 


on the same 
bus. This approach 
gives 
a total of 64K- 


bytes of program 
memory 
space, and 1281/0 
pins. Note 


that 
the SFRM 
can overlap 
the 
E2M address 
space, 


however, 
only the SFR 
resources 
are accessible 
and 


the associated 
E2 memory 
location 
are not available. 
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ABSOLUTE MAXIMUM RATINGS· 
Temperature 
under 
Bias 
-65°C 
to +135°C 


Storage 
Temperature 
-65°C 
to +150°C 


Voltage 
on any Pin with 
Respect 
to Vss 
-1 V to +7V 
D.C. Output 
Current 
5 mA 


Lead Temperature 


(Soldering, 
10 seconds) 
300°C 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


·COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 


indicated in the operational 
sections of this specification 
is 


not implied. Exposure to absolute 
maximum 
rating condi- 


tions for extended 
periods may affect device 
reliability. 


Supply Voltage 


X88C75 


Limits 


5V ±10% 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Icc 
Vcc 
Current 
(Active) 
60 
mA 
CE = RD = VIL, All 1I0's = 
Open,Other 
Inputs = Vcc 


ISB1(CMOS) 
Vcc 
Current 
(Standby) 
100 
fLA 
CE = VIH, All 110's = Open, 
Other 


Inputs = Vcc - 0.3V, ALE = VIL 


ISB2(TTL) 
Vcc 
Current 
(Standby) 
2 
mA 
CE = VIH, All 110's = Open, 
Other 
Inputs = VIH, ALE = VIL 


III 
Input Leakage 
Current 
10 
fLA 
VIN = Vss to Vcc 


ILO 
Output 
Leakage 
Current 
10 
fLA 
VOUT = Vss to Vcc, 
RD = PSEN = VIH 


VIL(3) 
Input LOW Voltage 
-1 
0.8 
V 


VIH(3) 
Input HIGH Voltage 
2 
Vcc 
+ 0.5 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL = 2.1mA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH = -400fLA 


Symbol 
Test 
Max. 
Units 
Conditions 


CI/O(4) 
Input/Output 
Capacitance 
10 
pF 
VI/O = OV 


CIN(4) 
Input Capacitance 
6 
pF 
VIN= OV 


Symbol 
Parameter 
Max. 
Units 


tpUR(4) 
Power-Up 
to Read 
1 
ms 
tpUW(4) 
Power-Up 
to Write 
5 
ms 


Notes: 
(3) VIL min. and VIH max. are for reference only and are not tested. 
(4) This parameter 
is periodically sampled and not 100% tested. 


Input Pulse Levels 
OV to 3V 


Input Rise and Fall Times 
10ns 


Input and Output 
Timing 
Levels 
1.5V 


A.C. CHARACTERISTICS (Over the recommended 
operating 
conditions 
unless 
otherwise 
specified.) 
PSEN Controlled Read Cycle 


Symbol 
Parameter 
Min. 
Max. 
Units 


tLHLL 
ALE Pulse Width 
80 
ns 


tAVLL 
Address 
Setup Time 
20 
ns 


tLLAX 
Address 
Hold Time 
30 
ns 


tPLDV 
PSEN 
Read Access 
Time 
120 
ns 


tPHDX 
Data Hold Time 
0 
ns 


tELLL 
Chip Enable 
Setup Time 
7 
ns 


PWPL 
PSEN 
Pulse Width 
150 
ns 


tps 
PSEN Setup Time 
30 
ns 


tPH 
PSEN Hold Time 
20 
ns 


tPHDZ (5) 
PSEN 
Disable 
to Output 
in High Z 
50 
ns 


tPLDX (5) 
PSEN to Output 
in Low Z 
10 
ns 


Symbol 
Parameter 
Min. 
Max. 
Units 


tLHLL 
ALE Pulse Width 
80 
ns 


tAVLL 
Address 
Setup Time 
20 
ns 


tLLAX 
Address 
Hold Time 
30 
ns 


tRLDV 
RD Read Access 
Time 
120 
ns 


tRHDX 
Data Hold Time 
0 
ns 


tELLL 
Chip Enable 
Setup Time 
7 
ns 


PWRL 
RD Pulse Width 
150 
ns 


tRDS 
RD Setup Time 
30 
ns 


tRDH 
RD Hold Time 
20 
ns 


tRHDZ (6) 
RD Disable 
to Output 
in High Z 
50 
ns 


tRLDX (6) 
RD to Output 
in Low Z 
0 
ns 


Symbol 
Parameter 
Min. 
Max. 
Units 


tLHLL 
ALE Pulse Width 
80 
ns 


tAVLL 
Address 
Setup Time 
20 
ns 


tLLAX 
Address 
Hold Time 
30 
ns 


tOVWH 
Data Setup Time 
50 
ns 


tWHOX 
Data Hold Time 
30 
ns 


tELLL 
Chip Enable 
Setup Time 
7 
ns 


tWLWH 
WR Pulse Width 
120 
ns 


tWRS 
WR Setup Time 
30 
ns 


tWRH 
WR Hold Time 
20 
ns 


tSLC 
Byte Load Time (Page Write) 
0.5 
100 
IlS 


twC(7) 
Write Cycle Time 
5 
ms 
• 


Note: 
(7) 
twc 
is the minimum cycle time to be allowed from the system perspective 
unless polling techniques 
are used. It is the maximum 
time the device requires to automatically 
complete the internal write operation. 
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STRNSTRS' 
(IN) 
r-1~ 
_ 


CD 
I® 
I. 
,!. 
,I 


Y 
: 
I\, 
PA7:0/PS7:0 
-----" 
DATA 
VALID 
')--------------------- 


I,@,I 
1.°,1 


I 
INTERRUPT 
I 
IRQ -----------<i\R;COGNIZED 
1,-------- 
1'-)5---------- 
1I,0,j 
0-1 1.0- 
I 


ALE 
~I~""'®~.-I------...---------- 


1 
, 
1 
i 
~ 
A15-A8 
~ 
1 


:. 
@ 
,I 
1 


I 
1 
1 ~-------- 
: 
\_i--l 


10:01 
I@ 
I 
I' 
,. 
'I 
~ 


AD7-ADO ======================~~:~tx~ 
_ 


No. 
Symbol 
Parameter 
Min. 
Max. 
Units 
1 
tSVSX 
Strobe 
Pulse Width 
80 
ns 
2 
tDVSV 
Data Port Setup 
20 
ns 
3 
tSVDX 
Data Port Hold Time 
30 
ns 
4 
tSVIV 
Interrupt 
Request 
to Strobe 
50 
ns 
5 
tlAD 
IRQ to ALE 
0 
ns 
6 
tLHLL 
ALE Pulse Width 
80 
ns 
7 
tRXIX 
RD to IRQ 
30 
ns 
8 
tAVLL 
Address 
setup time 
20 
ns 
9 
tLLAX 
Address 
hold time 
30 
ns 
10 
tLLWL 
ALE to RD LOW 
30 
ns 
11 
tRLDV 
RD Access 
Time 
120 
ns 


® 
~ 


A15-A8 
--------------~)(ADDRESS)K 
______________ 
~. 
. A~-A15 
. I~' 
_ 


I.•®J·@I 


------------~ 
I 
I 
'\ 
: 
CD: 
I.. 
.1 


ALE -------M---------------------------------------- 
I10 
8) 
:.. 
.1.. 
.1 
WR 
-------I~t 
)'1----------- 


: 
I~_~. 
® 
~® I 
1"0.1.. 
.1 
I 
5 
I 
I 
7 
I 
I 


I 
~ 
I' 
1 


AD7-ADO ==============X 
AD.&~loSSH 
DATA VALID X===================== 
t.--: 
:@ 
® 


I ® 
I" .1.. 
.1 


! j~-~\~---- 


1I@ 
I •• 
.1 


1 


PA7:0/ PB7:0 
P_R_E_V_IO_U_S_D_A_T_A 
XXXX 
VALID NEW DATA 


No. 
Symbol 
Parameter 
Min. 
Max. 
Units 


1 
tLHLL 
ALE Pulse Width 
80 
ns 


2 
twcs 
Write Chip Select 
Setup Time 
20 
ns 
3 
tLLWL 
ALE to WR 
10 
ns 


4 
tWLWH 
WR Pulse Width 
120 
ns 


5 
tAVLL 
Write Address 
Setup Time 
20 
ns 


6 
tLLAX 
Write Address 
Hold Time 
30 
ns 


7 
tDVWH 
Data Setup Time 
50 
ns 


8 
tWHDX 
Data Hold Time 
10 
ns 


9 
tsvsx 
Strobe 
Pulse Width 
120 
ns 
10 
tovsv 
Strobe 
Access 
Time 
40 
ns 


11 
tpos 
Port Output 
Setup Time 
40 
ns 


® 
~ 


A15-A8 
--------------~\VADDRESS\V 
______________ 
~M A15-A8 
1'-, 
_ 


I~ 
G) :0 
I.. 
~I 


ALE -----------r--i------------------------------------------------ 


1+=-1 


10 


1 
_______ 
~I 
1 


AD7-ADO 
>KAD.&~fosSH 
DATA VALID X~ 
_ 


1 
l-I 


1 
I 
(;;\ 
I 


1 
'0 


1 


f4\~ 
"V, 
I 


PB7:0 
=================*---A-D-D-R-E-S-S-A-7--A-O---------- 


No. 
Symbol 
Parameter 
Min. 
Max. 
Units 


1 
tLHLL 
ALE Pulse Width 
80 
ns 
2 
tAVLL 
Address 
Setup Time 
20 
ns 
3 
tLLAX 
Address 
Hold Time 
30 
ns 


4 
tpos 
Port Output 
Setup Time 
20 
ns 


SYMBOL 
TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 
JZr 


May change 
Will change 
from LOW 
from LOW 
to HIGH 
to HIGH 


~ 


May change 
Will change 
from HIGH 
from HIGH 
to LOW 
to LOW 


XXXX 


Don't Care: 
Changing: 


Changes 
State Not 
Allowed 
Known 
H 


N/A 
Center Line 
is High 
Impedance 


5-90 


X88C75 SUC 
~I 


xL Temperature 
Range 
Blank = Commercial = O°Cto +70°C 
I = Industrial = -40°C to +85°C 
M = Military = -55°C to +125°C 


Package 
P = 48-Lead Plastic DIP 
J = 44-Lead PLCC 
L = 44-Lead TQFP 
• 


LIMITED WARRANTY 
Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification 
provisions appearing in its Terms of Sale only. Xicor, Inc. makes 
no warranty, 
express, statutory, implied, or by description 
regarding the information set forth herein or regarding the freedom of the described 


devices from patent infringement. 
Xicor, Inc. makes no warranty of merchantability 
or fitness for any purpose. Xicor, Inc. reservts 
the right to 
discontinue 
production 
and change specifications 
and prices at any time and without notice. 


Xicor, Inc. assumes no responsibility 
for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product. No other circuits, patents, 


licenses are implied. 


US. PATENTS 
Xicor products are covered by one or more of the following U.S. Patents: 4,263,664; 4,274,012; 4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 


4,404,475; 4,450,402; 4,486,769; 4,488,060; 4,520,461; 4,533,846; 4,599,706; 4,617,652; 4,668,932; 4,752,912; 4,829,482; 4,874,967; 4,883,976; 
4,980,859; 
5,012,132; 
5,003,197; 5,023,694. 
Foreign patents and additional patents pending. 


LIFE RELATED POLICY 
in situations 
where semiconductor 
component 
failure may endanger life, system designers using this product should design the system with 


appropriate 
error detection and correction, 
redundancy and back-up features to prevent such an occurrence. 


Xicor's products are not authorized for use as critical components 
in life support devices or systems. 


1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain life, 


and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be reasonably expected 
to result in a significant 
injury to the user. 


2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to cause the failure 
of the life support device or system, or to affect its safety or effectiveness. 


APPLICATION 
NOTE 
AND DEVELOPMENT 
SYSTEM 


AVAILABLE 


AN65 • LAP KIT DEMO 


LapKif 
M 
X88C75 SLIC® E2 Microperipheral 


Port Expander and E2 Memory 


• Highly Integrated Microcontroller Peripheral 


-8K 
x 8 E2Memory 
-2 
x 8 General Purpose Bidirectional VO Ports 
-16 
x 8 General Purpose Registers 
-Integerated 
Interrupt Controller Module 
-Internal 
Programmable Address Decoding 


• Concurrent Read During Write 
-Dual 
Plane Architecture 
• Isolates ReadlWrite Functions Between Planes 
• Allows Continuous Execution Of Code From 
One Plane While Writing In The Other Plane 


• Multiplexed Address/Data Bus 
-Direct 
Interface to Popular 80C51 Family of 
Microcontrollers 


• Software Data Protection 
-Protect 
Entire Array During Power-up/-down 


• Block Lock™ Data Protection 
-Set 
Write Lockout in 1K Blocks 


• Toggle Bit Polling 
• High Performance CMOS 
-Fast 
Access Time, 120 ns 


-Low 
Power 
• 
60mA Active 
• 
100J.1AStandby 
• PDlP, PLCC, and TQFP Packaging Available 


DESCRIPTION 


The X88C75 SUC is a highly integrated peripheral for 
the 80C51 family of microcontrollers. The device inte- 
grates8K-bytes of 5V byte-alterable nonvolatile memory, 
two bidirectional 8-bit ports, 16 general purpose regis- 
ters, programmable internal address decoding and a 
multiplexed address and data bus. 


The 5V byte-alterable nonvolatile memory can be used 
as program storage, data storage, or a combination of 
both. The memory array is separated into two 4K-bytes 
sections which allows read accesses to one section 
while a write operation is taking place in the other 
• 
section. The nonvolatile memory also features Software 
Data Protection to protect the contents during power 
transitions, and an advanced Block Protect register 
which allows Individual blocks of the memory to be 
configured as read-only or read/write. 


RESET 


A'2 
WC 


PSEN 


STRA 


A,S 


NC 
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A'3 
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11 
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30 


29 
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Each bidirectional port consists of 8 general purpose 
I/O lines and 1 data strobe line. The ports also feature a 
configurable interrupt request output. 


Access to the X88C75 is accomplished through the 
multiplexed address/data bus of the 80C51 type control- 
lers. An internal programmable address decoder maps 
the internal memory and register locations into the 
desired address space. 


The X88C75 incorporates the interface circuitry nor- 
mally 
needed 
to decode 
the control 
signals 
and 


demultiplex the address/data bus to provide a "seam- 
less" interface. 


The control inputs on the X88C75 are configured such 
that it is possible to directly connect them to the proper 
interface signals of the 80C51 microcontroller. The 
reading of data from the chip is controlled either by the 
PSEN or the RD signal, which essentially maps the 
X88C75 into both the Program and the Data Memory 
address map. 


Reading and writing of the nonvolatile memory array is 
analogous to RAMoperation. During a write operation to 
either the nonvolatile memory or the control registers, 
ALE latches the address to be written into the X88C75. 


WC 


RESET 


The rising edge of WR latches the data to be written. 


The nonvolatile memory of the X88C75 is internally 
organized as two independent arrays of 4K-bytes with 
the A12 input selecting which of the two planes of 
memory is to be accessed. While the processor is 
executing code out of one plane, write operations can 
take place in the other plane; allowing the processor to 
continue execution of code out of the X88C75 during a 
byte or page write to the device. This feature is called 
Concurrent Read During Write. 


The X88C75 also features an advanced implementation 
of the Software Data Protection scheme, called Block 
Lock Protect, which allows the nonvolatile memory array 
to be treated as 8 independent sections of 1K-bytes. 
Each of these sections can be independently enabled 
for write operations. This allows segmentation of the 
memory contents into writable and non-writable sec- 
tions, thereby, allowing certain sections of the device to 
besecured sothat updates can only occur in a controlled 
environment. (e.g. in an automotive application, only at 
an authorized service center). The Block Protect con- 
figuration is stored in a nonvolatile register, ensuring 
that the configuration data will be maintained after the 
device is powered-down. 


16 X 8 
GENERAL 
PURPOSE 
REGISTERS 


PORT 
SPECIAL 
FUNCTION 
REGISTERS 


The X88C75 
write control 
input, serves 
as an external 
control overthe 
completion 
of a previously 
initiated page 
load cycle. 


The X88C75 
also features 
the industry 
standard 
5V E2 
memory characteristics 
such as byte or page mode write 
and Toggle 
Bit Polling. 


Read 


A HIGH to LOW transition 
on ALE latches the address; 
the data will be output 
on the AD pins after either RD or 
PSEN goes LOW (tRDLV)' 


Write 


A write 
is performed 
by latching 
the addresses 
on the 


falling edge of ALE. The WR is strobed 
LOW followed 
by 


valid data being 
presented 
on the ADo-AD? 
pins. The 
data will be latched 
into the X88C75 
on the rising edge 
ofWR. 


Page Write Operation 


The X88C75 supports 
page mode write operations. 
This 
allows the microcontroller 
to write from one to thirty-two 
bytes of data to the X88C75. 
Each individual 
write within 
a page write operation 
must conform 
to the byte write 
timing 
requirements. 
The falling 
edge 
of WR starts 
a 
timer 
delaying 
the internal 
programming 
cycle 
lO0J.l.s: 


therefore, 
each successive 
write operation 
must begin 
within 
100J.l.s of the 
last 
byte 
written. 
The 
waveform 
on 
page 
4 
illustrates 
the 
sequence 
and 
timing 
requirements. 


PIN NAME 
I/O 
DESCRIPTION 


RESET 
I 
RESET is used to initialize the internal static registers and has no effect on the E2 memory opera- 
tions. The default active level is HIGH, but it can be reconfigured in EEM register. 


PSEN 
I 
Content of E2 memory can be read by lowering the PSEN and holding both RD and WR HIGH. The 
device then places on the data bus (AD7-ADo) the contents of E2 memory at the latched address. 


STRA,STRB 
I/O 
The STRA controls port A and STRB controls port B. When ports are configured as inputs, a valid 
transition on their strobe pins will latch into their port data register the data present at the port input 
pins. Writing to an output port data register generates a pulse of fixed duration on its corresponding 
strobe pin. The output data presented at the output pins stay valid until the next data is written to the 
output port data register. 


PA7-PAo 
I/O 
The I/O lines of port A. The output driver can be configured as either CMOS or open-drain using the 
AWO bit in CR. The I/O direction bit (DIRA) in CR is used to select port A I/O mode. 


PB7-PBo 
I/O 
The I/O lines of port B. The output driver can be configured as either CMOS or open-drain using the 
BWO bit in CR. The I/O direction bit (DIRB) in CR is used to select port B I/O mode. 


A15-Aa 
I 
Non-multiplexed high-order Address Bus inputs for the upper byte of the address. 


AD7-ADo 
I/O 
Multiplexed low-order Address and Data Bus. The addresses are latched when ALE makes a HIGH 
to LOW transition. 


WR 
I 
During a byte/page write cycle WR is brought LOW while RD is held HIGH and the data is placed on 
the Data Bus. The rising edge of WR will latch the data into the device. 
RD 
I 
The RD input is active LOW and is used to read content of either the E2 memory or the SFR at the 
latched address. Both PSEN and WR signals must be held HIGH during RD controlled read 
operation. 
IRQ 
0 
The IRQ is an open-drain output. It can be configured to signal latching of new data into any of the 
ports, and/or completion of the E2 memory internal write cycle. 
WC 
I 
WC input has to be held LOW during a write cycle. It can be permanently tied HIGH in order to 
disable write to the E2 memory. Taking the WC HIGH prior to tSIC(1 OOJ.l.S; the time delay from the 
last write cycle to the start of internal programming cycle) will inhibit the write operation. 


CE 
I 
The device select (CE) is an active LOW input. This signal has to be asserted prior to ALE HIGH to 
LOW transition in order to generate a valid internal device select signal. Holding this pin HIGH and 
ALE LOW will place the device in standby mode. The ports stay active at all times. 


ALE 
I 
Address Latch Enable input is used to latch the addresses present on the address lines A15-Aa and 
AD7-ADo into the device. The addresses are latched when ALE transitions from HIGH to LOW. 


• 
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I 


I 


Aa-A12 ZZX 
A12=n )@< 


I 
I 


A12=n ~flllx 


I 
I 


I 


I 


A12=n )@< 


I 
I 


A12=x 
~~ 
Next Address 


I 


Toggle Bit Polling 


Because 
the X88C75 
typical write timing is less than the 


specified 
5ms, Toggle 
Bit Polling 
has been provided 
to 


determine 
the early completion 
of a write cycle. 
During 


the internal 
programming 
cycle, 
1/06 will toggle from "1" 


to "0" and "0" to "1" on subsequent 
attempts 
to read from 


the 
memory 
plane 
that 
is being 
updated. 
When 
the 


internal 
cycle 
is complete, 
the toggling 
will cease 
and 


the device will be accessible 
for additional 
read or write 


operations. 
Due to the dual plane architecture, 
reads for 


polling 
must occur from the plane that was written; 
that 


is, the state of A12 during 
a write must match the state 


of A12 during 
polling. 


-_1:\_-) \\\\\1 


I 
I 
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~ 
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~ 


I 
(tlvvv 
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A12=n J~ 
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The X88C75 provides two levels of data protection 
through software control. There isa global software data 
protection feature similar to the industry standard for 
E2PROMs and a new Block Lock Protect write lockout 
protection providing a secondary level data security 
option. 


Software Data Protection 


Software Oata Protection (SOP) can be employed to 
protect the entire array against inadvertent writes during 
power-up/power-down 
operations. 
The X88C75 
is 


shipped from the factory with SOP enabled. With SOP 
enabled, inadvertent attempts to write to the X88C75 will 
be blocked. 


The system can still write data, but only when the write 
operation (page or byte) is preceded by the three-byte 
command sequence. All write operations, both the com- 
mand sequence and any data write operations must 
conform to the page write timing requirements. 


Figure 3. 


I b2 
b1 
bOI Reference the A15-A 13 
setting in EEM register 


P = Address bit (A12) of the 


updated memory plane 


Writing With SDP Enabled 


The SOP mode is also enabled anytime one of the 
nonvolatile configuration registers are modified. These 
include writing to EE map, SFR map, and BPR. 


Figure 4. Sequence to Deactivate Software Data 
Protection 


I b2 
b1 
bo I Reference the A15-A 13 


setting in EEM register 


P = Address bit (A12) of the 
memory plane not being read. 


Block Lock Protect Write Lockout 


The X88C75 provides a second level of data security 
referred to as Block Lock Protect write lockout (or Block 
Protect). This is accessed through an extension of the 
SOPcommand sequence. Block Protect allows the user 
to lockout writes to 1Kx 8 blocks of memory. Unlike SOP 
which prevents inadvertent writes, but still allows easy 
system access to writing the memory, Block Protect will 
lockout all attempts unless it is specifically disabled by 
issuing the deactivation sequence. This feature can be 
used to set a higher level of protection in a system where 
a portion of the memory is used to store the system 
kernel and protect it from the application programs 
residing in the other blocks. 


Setting write lockout is accomplished by writing a five- 
byte command sequence opening access to the Block 
Protect Register (BPR). After the fifth byte is written, the 
user writes to the BPR, selecting which blocks to protect 
or unprotect. All write operations, both the command 
sequence and writing the data to the BPR, must conform 


• 


to the page write timing requirements. Itshould be noted 
that accessing the BPR automatically sets the upper 
level SDP. If for some reason the user does not want 
SDP enabled, they may reset it using the normal reset 
command sequence. This will not affect the state of the 
BPR and any 1K x 8 blocks that were set to the write 
lockout state will remain in the write lockout state. 


BLOCK 
ADDRESS 


0000-03FF 


0400-07FF 


0800-0BFF 


OCOO-OFFF 


1000-13FF 


1400-17FF 


1800-1BFF 


1COO-1FFF 


"1" = Protect, 
"0" = Unprotect Block Specified 


The BPR format and block map are illustrated above. 
The command sequence is illustrated to the right. 


80C51 
SUC 


ROM 
OOOOH 
RESET 
AND 
ISR 
VECTORS 
005EH 
PHOENIX 


KEYBOARD 


CODE 


3000H 


SUC 


LOADER 
(SUC) 
3334H 


STORE 
REGS 
SUBROUTINES 
3370H 


3FFFH 


4000H 


5FFFH 


7800H 


7BFFH 


(BPR Register Set Global SDP Set) 


I b2 
b1 
bOI Reference 
the A 15-A 13 
~~~~ 
setting In E2M register 


P = Address 
bit (A 12) of the 


memory plane not being read. 


CUSTOMIZED 


KEYBOARD 
MATRICES 


CHK_ENABLE 


SPECIAL 
FUNCTION 
KEY 


TABLE 


SERVICE 
INTERRUPT 
VECTORS 


CUSTOM 


CODE 


8K BYTES OF BYTE 
ALTERABLE 
DUAL 
PLANE ARCHITECTURED 
NON-VOLATILE 
MEMORY 
(MAPPABLE TO ANY 8K 
PAGE BY THE E2M BITS 2-0) 


~7800D 


~"" 


SFR (SPECIAL FUNCTION 
REGISTER) BLOCK 
(MAPPABLE 
TO ANY 1K 


PAGE BY THE SFRM 
REGISTER) 


NOTE: • The value returned by reading these registers is the complement 
of the 
actual data. These registers are nonvolatile 
and a special SOP sequence 
is used to alter their contents. All the other registers are initialized by a 
valid reset input signal and when the device is power cycled. 


Programmable Address Decoding 


The 
X88C75 
features 
an internal 
programmable 
ad- 


dress 
decoder 
which 
allows 
the 
nonvolatile 
memory 


array and the internal 
registers 
to be mapped 
in various 


locations 
of the 64K-byte 
memory 
map. The register set 


is mappable 
into a 1K-byte 
block, while the nonvolatile 


memory 
array 
is mappable 
into an 8K-byte 
block. The 


mapping 
is controlled 
by two nonvolatile 
configuration 


registers, 
the SFR 
Map 
Register 
and the E2 Memory 


Map Register. 
Their 
bits are mapped 
as follows: 


The 
A 15-A 10 are upper 
address 
bits for the 
1K-byte 


page where the SFR memory 
is mapped. 


Setting these two bits to any combination 
other than "00" 


or "11" will interfere 
with device 
proper 
operation. 


Modifying 
these 
three 
bits changes 
the location 
of the 
program 
memory 
within the address 
map.The 
A 15-A 13 
correspond 
to the upper 
three 
address 
bits of the 8K- 
byte page where 
program 
memory 
will be mapped. 


RST 


The RST bit controls 
the polarity of the RESET input pin. 


"0" = RESET 
is Active 
LOW 


"1" = RESET 
is Active 
HIGH 


Port B can be configured 
as either 
a general 
purpose 
I/O port (normal 
I/O mode), 
or latched 
address 
mode 


(LAM). 
The LAM option 
programs 
port B to output the 
demultiplexed 
low order byte of the address 
latched into 
the X88C75 
by ALE. The LAM bit selects between these 


two modes. 


"0" = PORT 
B is I/O Port 


"1" = Port B outputs 
low address 
byte (A7-AO) 


Setting 
the Mapping 
Registers 


The 
mapping 
registers 
are 
written 
using 
a modified 
version 
of the Software 
Data Protection 
sequence. 
All 
timings 
must adhere 
to the normal 
Software 
Data Pro- 
tection 
sequence. 


The complemented 
contents 
of the SFR map register 
and the 
E2 memory 
map 
register 
can be read by the 
microcontroller 
at their corresponding 
SFR addresses. 


The physical 
memory 
location 
of these registers 
can be 
derived 
by adding 
the following 
offset to the SFR base 
address: 


SFR Map Register 


E2 Memory 
Map Register 


OOH 


38H 


If the regions specified 
in the map registers overlap, only 
the SFR will be accessible. 


x; Don't 
Care 
8[2:0J; E2M[2:0] 


P ; Address 
bit (A 12) of the 


memory 
plane 
not being 
read. 


x ; Don't 
Care 
8[2:0]; E2M[2:0] 


P ; 
Address 
bit (A 12) of the 


memory 
plane 
not being 
read. 
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Interrupt Status Register (ISR) 


The Interrupt Status Register isa volatile register usedto 
configure the interrupt condition for the I/O ports as well 
as to determine the interrupt status of the ports. The 
X88C75 ports can generate an interruptto the microcon- 
troller upon the proper transition (as specified in the 
configuration register) on either STRA or STRB pins 
when the corresponding I/Oport isconfigured as aninput. 


The INT flag is set when any of the input strobes are 
toggled provided that their corresponding interrupt en- 
able bits (ENA, ENB) are set. The INT flag is cleared 
when latched data is read (PDR) or pending interrupt 


Interrupt Flag 
"0" = No pending interrupt 
"1" = Interrupt request 


Port A - Interrupt Status 
"0" = No pending interrupt 
"1" = Port A latched data when a valid 


transition occurred on the STRA 
and port A was an input port. 


Port B - Interrupt Status 
"0" = No pending interrupt 
"1" = Port B latched data when a valid 


transition occurred on the STRB 
and port B was an input port. 


Port A - Interrupt Enable 
"0" = Mask off interrupt 
"1" = Interrupt enabled 


status flag (INTA, INTB) in ISR is forced to "0" by the 
interrupt service routine. Interrupt service routine should 
examine the interrupt status flags (INTA, INTB) and 
identify the source of pending interrupt. 


The E2 memory interrupt status flag (EOW) is another 
means to detect the early completion of a write cycle. 
When ENEE is enabled, the hardware will set the EOW 
flag, and interrupt the microcontroller at the end of an 
internal programming cycle. Toggle Bit Polling can be 
replaced by this hardware interrupt, which reduces the 
software overhead. The EOW flag should be cleared by 
software. The interrupt status register bits are mapped 
as follows. 


EEPROM Interrupt Status 
"0" = Programming 
in progress 


"1" = Set by hardware when it completes 


programming 
the previously 


written data 
• 


EEPROM Interrupt Enable 
"0" = Mask off interrupt 
"1" = Interrupt enabled 


Port B - Interrupt Enable 
"0" = Mask off interrupt 
"1" = Interrupt enabled 
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Configuration Register (CR) 


The Configuration Register is a volatile register used to 
configure the operation of the I/O ports. The configura- 
tion register allows the microcontroller to designate 
whether each of the two ports is an input or output, what 
type of output drive isto be used, and what isthe polarity 
of the two strobe lines, STRA and STRB. The bit map of 
configuration register is shown below. 


The IRST bit in the configuration register controls the 
method 
used to clear 
the 
port interrupt 
request 


f1ags(lNTA, INTB). The interrupts are reset by either 
reading the interrupt source or writing to the Interrupt 
Status Register. The interrupt must be disabled prior to 
changing strobe polarity bits(STPA, SPTB), or port 
direction bits (DIRA, DIRB) in CR. Otherwise, any at- 
tempt to modify status of these bits may cause an 
interrupt to occur. 


Port Data Registers (PDR) 


The PDRNPDRB are byte-wide latches which hold port 
data. When a port is configured as output, the outputs of 
its PDR latch are connected to the port pins. Writing to 
PDR generates a pulse on the port strobe pin and 
latches the data. If a port is configured as an input, the 
inputs of its PDR latch are connected to the port pins. 
External data is latched into PDR on the positive edge of 


its clock. The port strobe input and strobe polarity 
bit(STPA, STPB) are XORed to generate the PDR input 
clock. 


Port Pin Registers (PPR) 


The read-only Port Pin Registers are used for reading 
the current status of the external I/O port pins. Accessing 
the PPR causes the values on the port pins to be placed 
on the data bus. 


The port direction control bits in configuration register 
set the direction for the entire port and no control 
mechanism is provided to program the direction of 
individual pins. However, the ports have a flexible archi- 
tecture which allows operating the I/O ports in bidirec- 
tional mode using the PPR read feature. 


A port can be operated in inpuVoutput mode by config- 
uring it as an open-drain output port. The port wire-OR 
bit (AWO, or BWO in CR) and its port data direction bit 
(DIRA, orDIRB in CR) should besetto"1". The PDR bits 
which correspond to the port pins assigned as inputs 
should be programmed to "1". For monitoring the status 
of the input pins, the PPR can be read. Inthis application 
the port strobe pin and the PDR latch are in output mode. 
In open-drain mode, there are weak internal pull-ups on 
the port pins, however external pull-ups must be usedfor 
proper switching of the I/O lines. 


Interrupt Request Reset Mode 
This bit controls the clearing ot the 
interrupt request tlag. 
"0" ; Reading the interrupt source 
"1"; 
Writing to the request register 


Port A - Outputs 
"0" ; CMOS 
"1"; 
Open-drain 


Port 8 - Outputs 
"0" ; CMOS 
"1" ; Open-drain 


Strobe 8 - Strobe Pin Polarity 
"0" ; Active LOW 
"1" ; Active HIGH 


Strobe A - Strobe Pin Polarity 
"0" ; Active LOW 
"1"; 
Active HIGH 


Port 8 - Direction Flag 
"0" ; Input mode 
"1" ; Output mode 


Port A - Direction Flag 
"0" ; Input mode 
"1" ; Output mode 
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STATIC RAM BLOCK 


There 
are 
16 bytes 
of volatile 
static 
RAM 
registers 


mapped 
to the SFR 
region. 
They 
reside 
in the 200H- 


20FH area offset from the SFR base address. 
Access- 
ing these registers 
has to be done through external 
RAM 


operations 
for both writes 
and reads. 


PRINCIPLES OF OPERATION 


1/0 Port Operation 


The 
expansion 
ports 
are 
accessible 
to the 
software 


using their assigned 
memory 
mapped 
addresses. 
Each 


port occupies 
two addresses 
in the SFR plane, the Port 


Data 
Register 
and 
Port Pin Register. 
These 
registers 


and their location 
in the 1K-byte register 
memory 
space 


is shown 
on page 7. 


The ports can be configured 
as either inputs or outputs, 
the DIRA and DIRB bits in the configuration 
register are 


used to select 
between 
the modes. 
The input signal on 


the strobe 
pin, when 
the corresponding 
port is config- 


ured as an input, is fed to the clock input of the port latch. 
These 
are transparent 
latches 
and the trailing 
edge of 


the strobe pulse is used to latch the data present on the 


Port WRITE 
(Port 
Output) 


input 
pins. 
The 
strobe 
signal 
polarity 
is configurable 


using 
the 
STPA 
and 
STPB 
bits 
in the 
configuration 


register. 


Writing 
to the port data 
register 
of an output 
port will 


generate 
a pulse of fixed duration 
on its strobe 
pin. The 


data also simultaneously 
arrives 
at the port output pins. 


The latched data stays there until new data is written to 
the port data register. 
The strobe 
pulse 
shape 
is con- 


trolled 
by the state of the STPA 
and STPB 
bits in the 


configuration 
register. A "1" forces the valid transition 
on 


the corresponding 
strobe 
pin as active 
HIGH (J"""L), 


and a "0" sets it to active 
LOW (L.....j). 


When 
an external 
strobe 
signal 
is applied 
to an input 


port, the latching 
of input data is followed 
by the setting 


of the interrupt flags. The INTA and INTB interrupt 
flags 


are used by ports A and B respectively, 
and are set along 


with the INT interrupt flag atthe end of strobe pulse input. 
External 
interrupt 
(IRQ) 
is generated 
if the 
interrupt 


enable 
flags 
(ENA and ENB) are set by the software. 
5 


The former 
enables 
the port A interrupt 
and the latter 


enables 
the port B interrupt. 


Port 
Output 


LATCH 
for 


Input 
1/0 Pin 
Output 


Port READ 
(Port 
Input) 


Pin READ 


(Port 
In or Output) 


The port output drivers can be either CMOS or open- 
drain. The wire-OR bits (AWO, BWO) in the configura- 
tion register are used to make the selection. When the 
bits are "0"the CMOS drivers are enabled. Setting these 
bits will enable the open-drain output drivers. Small pull- 
up resistors should be used on the pins of open-drain 
ports. 


IRQ 


The IRQ pin is an active LOW open-drain output. In 
embedded systems applications, this signal is con- 
nected to the microcontroller interrupt input pin through 
either a direct connection or via an interrupt controller. 


Table 1 depicts the three sources of interrupts and their 
associated flags. Under normal conditions, the INT and 
port interrupt flags are set, if the port which isconfigured 
as an input has its strobe line toggled. Ifthe port interrupt 
enable flag is set, or gets set while the INT flag is set, 
then the IRQ signal is asserted. The IRQ stays valid as 
long as the interrupt flags are not cleared bythe software 
or the hardware. 


Another interrupt source is the End Of Write flag (EOW) 
which is set by the hardware at the end of every internal 
programming cycle. The interrupt from this source is 
controlled by the ENEE bit in ISA. If ENEE is enabled, 
then EOW can generate an external interrupt. The 
interrupt is cleared by setting EOW to "0". 


Table 1. X88C75 Interrupt 
Sources 


Interrupt 
Interrupt 
Status 
INT 


Source 
Enable 
Flag 
Flag 


PORTA 
ENA 
INTA 
111" 


PORTB 
ENB 
INTB 
111 " 


EOW 
ENEE 
EOW 
- 


PORTS A & B INTERRUPTS 


The X88C75 features two 8-bit I/O ports which are 
equipped with a configurable interrupt module. The 
interrupts are used to signal the reception of new data at 
an input port data latch. When a port is configured as an 
output, it can no longer generate any interrupts. 


The input port interrupt mechanism is controlled by the 
external strobe pins (STRA, STRB). Detecting a valid 
transition on the pin will set the interrupt flags and latch 
in the input data. The external interrupts from the ports 
can be masked off using the interrupt enable bits (ENA, 
ENB) in ISR. 


Once an external interrupt is asserted, clearing the 
interrupt flags will cause the IRQ signal to return to its 
idle state. There are two ways of resetting the interrupt 
flags. The selection is made using the IRST bit in the 
configuration register. If IRST is set, then the interrupt 
flags are cleared by writing "0" to the bit positions 
corresponding to the interrupt flags (INTA, INTB) in ISR. 
When the IRST is cleared, reading the PDR automati- 
cally clears the interrupt flags. 


SOFTWARE CONTROLLED PORT OPERATIONS 


The individual clock signals, that control the PDR input 
latches and load the external data present on the port 
pins, are generated by XORing the strobe polarity bit 
and the strobe input of the port. The strobe polarity bits 
(STPA, STPB) in CR can be used to program the active 
edge of the strobe inputs. However, ifthe external strobe 
input is permanently tied to Vss or Vee, then the strobe 
polarity bit controls the PDR input latch clock signal. 


When a port strobe and its polarity bit have identical logic 
levels, the corresponding PDR latch is active and any 
change in the port inputs will show up at the PDR latch 
outputs. Holding the strobe input at current levels and 
changing the strobe polarity bit value will generate a 
positive transition on the PDR clock signal, causing the 
latch outputs to reflect the previous logic state of the port 
pins. The clock transition sets the interrupt flags, and if 
the interrupts have been enabled, then an external 
interrupt signal will be asserted. 
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This feature allows the port input operation by perma- 
nentlytying the STRx inputs to Vcc or Vss, and usingthe 
STPx bits in CR to control PDR latches. Another advan- 
tage of this feature are software generated interrupts. 
Since the clocking of the PDR latch causes the corre- 
sponding port INTx flags to be set, by enabling the 
interrupts the microcontroller is forced to execute the 
ISR responsible to service the newly latched data. 


END OF WRITE (EOW) INTERRUPT 


The internal programming cycle requires several milli- 
seconds for either a single byte write or a page write. The 
updated memory plane is inaccessible while the pro- 
gramming is in progress. However, the opposite plane is 
still available for program fetch and data read opera- 
tions. 


The X88C75 has two means of signaling end of an 
internal programming cycle. In the Toggle Bit Polling 
technique, the last written byte is successively read. Bit 
6 of read data toggles while the programming cycle is 
still in progress. The software has to continually monitor 
device responses and determine if it can again access 
the plane. 


In the other method, at the end of an internal program- 
ming cycle, the hardware sets the EOW flag. The 
software can either poll this flag or enable the interrupts 
by setting the ENEE bit in ISR. Effective use of EOW is 
made by clearing it prior to initiating a write operation. If 
the interrupt is enabled, an external interrupt will be 
asserted at the completion of the internal write cycle. 
The interrupt is cleared by setting EOW to "0". 


USING A PORT IN BIDIRECTIONAL MODE 


In order to use a port in bidirectional mode, it has to be 
configured as an open drain output port. Small pull-up 
resistors are required on all port output pins. Bit posi- 
tions in the Port Data Register corresponding to port 
inputs should contain "1". The inputs are then read by 
accessing PPR. Data is not latched into the device, so 
the inputs must stay valid throughout the read cycle. The 
port strobe pin is configured as an output and cannot be 
used as port latch clock input. 
• 
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ABSOLUTE MAXIMUM RATINGS' 
Temperature 
under 
Bias 
X88C75 
-lO°C 
to +85°C 
X88C751 
-65°C 
to + 135°C 
Storage 
Temperature 
-65°C 
to + 150°C 
Voltage 
on any Pin with 
Respect 
to VSS 
-1V 
to +7V 
D.C. Output 
Current 
5mA 
Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


'COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 
the device at these or any other conditions 
above those 
indicated in the operational 
sections of this specification 
is 


not implied. Exposure to absolute 
maximum 
rating condi- 


tions for extended 
periods 
may affect device 
reliability. 


Supply Voltage 


X88C75 


Limits 


5V ±10% 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Icc 
Vcc 
Current 
(Active) 
60 
mA 
CE = RD = VIL, All I/O's = 
Open,Other 
Inputs = Vcc 


ISB1(CMOS) 
Vcc 
Current 
(Standby) 
100 
llA 
CE = VIH, All I/O's = Open, 
Other 
Inputs = VIH, ALE = VIL 


ISB2(TTL) 
Vcc 
Current 
(Standby) 
2 
mA 
CE = VIH, All I/O's = Open, 
Other 
Inputs = VIH, ALE = VIL 


III 
Input Leakage 
Current 
10 
llA 
VIN = Vss to Vcc 


ILO 
Output 
Leakage 
Current 
10 
llA 
VOUT = Vss to Vcc, 
RD = PSEN = VIH 


VIL(3) 
Input LOW Voltage 
-1 
0.8 
V 


VIH(3) 
Input HIGH Voltage 
2 
Vcc 
+ 0.5 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL = 2.1mA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH = -40011A 


Symbol 
Test 
Max. 
Units 
Conditions 


CI/O(4) 
Input/Output 
Capacitance 
10 
pF 
VI/O = OV 


CIN(4) 
Input Capacitance 
6 
pF 
VIN = OV 


Symbol 
Parameter 
Max. 
Units 


tpUR(4) 
Power-Up 
to Read 
1 
ms 


tpUW(4) 
Power-Up 
to Write 
5 
ms 


Notes: (3) VILmin.and VIHmax.arefor referenceonly andare not tested. 
(4)This parameteris periodicallysampledand not 100%tested. 
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Input Pulse Levels 
OVto 3V 


Input Rise and Fall Times 
10ns 


Input and Output 
Timing 
Levels 
1.5V 


I100PF 


A.C. CHARACTERISTICS (Over the recommended 
operating 
conditions 
unless 
otherwise 
specified.) 
PSEN Controlled Read Cycle 


Symbol 
Parameter 
Min. 
Max. 
Units 


tLHLL 
ALE Pulse Width 
80 
ns 


tAVLL 
Address 
Setup Time 
20 
ns 


tLLAX 
Address 
Hold Time 
30 
ns 


tPLDV 
PSEN 
Read Access 
Time 
120 
ns 


tPHDX 
Data Hold Time 
0 
ns 


tELLL 
Chip Enable 
Setup Time 
7 
ns 


PWPL 
PSEN 
Pulse Width 
150 
ns 


tps 
PSEN Setup Time 
30 
ns 


tPH 
PSEN 
Hold Time 
20 
ns 


tPHDZ (5) 
PSEN 
Disable 
to Output 
in High Z 
50 
ns 


tPLDX (5) 
PSEN to Output 
in Low Z 
10 
ns • 


Symbol 
Parameter 
Min. 
Max. 
Units 


tLHLL 
ALE Pulse Width 
80 
ns 


tAVLL 
Address 
Setup Time 
20 
ns 


tLLAX 
Address 
Hold Time 
30 
ns 


tRLDV 
RD Read Access 
Time 
120 
ns 


tRHDX 
Data Hold Time 
0 
ns 


tELLL 
Chip Enable 
Setup Time 
7 
ns 


PWRL 
RD Pulse Width 
150 
ns 


tRDS 
RD Setup Time 
30 
ns 


tRDH 
RD Hold Time 
20 
ns 


tRHDZ (6) 
RD Disable 
to Output 
in High Z 
50 
ns 


tRLDX (6) 
RD to Output 
in Low Z 
0 
ns 


Symbol 
Parameter 
Min. 
Max. 
Units 


tLHLL 
ALE Pulse Width 
80 
ns 


tAVLL 
Address 
Setup Time 
20 
ns 


tLLAX 
Address 
Hold Time 
30 
ns 


tDVWH 
Data Setup Time 
50 
ns 


twHDX 
Data Hold Time 
30 
ns 


tELLL 
Chip Enable 
Setup Time 
7 
ns 


tWLWH 
WR Pulse Width 
120 
ns 


twRS 
WR Setup Time 
30 
ns 


twRH 
WR Hold Time 
20 
ns 


tSLC 
Byte Load Time (Page Write) 
0.5 
100 
Jls 
twC(7) 
Write Cycle Time 
5 
ms 


Note: 
(7) 
!We is the minimum cycle time to be allowed from the system perspective unless polling techniques 
are used. It is the maximum 
time the device requires to automatically 
complete the intemal write operation. 
• 
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No. 
Symbol 
Parameter 
Min. 
Max. 
Units 
1 
tSVSX 
Strobe 
Pulse Width 
80 
ns 
2 
tDVSV 
Data Port Setup 
20 
ns 
3 
tSVDX 
Data Port Hold Time 
30 
ns 


4 
tSVIV 
Interrupt 
Request 
to Strobe 
50 
ns 
5 
tlAD 
IRQ to ALE 
0 
ns 
6 
tLHLL 
ALE Pulse Width 
80 
ns 


7 
tRXIX 
RD to IRQ 
30 
ns 
8 
tAVLL 
Address 
setup time 
20 
ns 
9 
tLLAX 
Address 
hold time 
30 
ns 


10 
tLLWL 
ALE to RD LOW 
30 
ns 


11 
tRLDV 
RD Access 
Time 
120 
ns 


o 
~ 


A15-A8 
--------------~)KADDRESS)K 
______________ 
~. 
. A~-A15 
. I~. 
_ 


,.•0J'@1 


------------~I 
1 
\ 
: 
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I@ 
0 
:.••. I.. 
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WR 
-------1-\ 
1 


1 
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PA7:0 I PB7:0 
P_R_E_V_IO_U_S_D_A_T_A 
~XXXX VALID NEW DATA 


No. 
Symbol 
Parameter 
Min. 
Max. 
Units 


1 
tLHLL 
ALE Pulse Width 
80 
ns 


2 
twcs 
Write Chip Select 
Setup Time 
20 
ns 


3 
tLLWL 
ALE toWR 
10 
ns 


4 
tWLWH 
WR Pulse Width 
120 
ns 


5 
tAVLL 
Write Address 
Setup Time 
20 
ns 


6 
tLLAX 
Write Address 
Hold Time 
30 
ns 


7 
tDVWH 
Data Setup Time 
50 
ns 


8 
tWHDX 
Data Hold Time 
10 
ns 


9 
tSVSX 
Strobe 
Pulse Width 
120 
ns 


10 
tovsv 
Strobe 
Access 
Time 
40 
ns 


11 
tpos 
Port Output 
Setup Time 
40 
ns 


® 
t+-+l 


A 15-A8 -------~Vl 
ADDRESS 
\VI 
ft\ 
A15-A8 
A 
-------- 
I 
I~------------------- 
'~0 
CD 
1 
3 
I.. 
.1 
H 
-----~ 
I~------------------------ 


~I 
101 


______ 
~I 
1 


AD7-ADO 
X ADfy~:;S H 
DATA VALID X~ 
_ 
: L, 


I 
'0 


1 


I 
f4\~ 
~. 
I 
-----~\VII~----------- 
PB7:0 
A 
ADDRESS A7-AO 
--------- 


No. 
Symbol 
Parameter 
Min. 
Max. 
Units 


1 
tLHLL 
ALE Pulse Width 
80 
ns 
2 
tAVLL 
Address 
Setup Time 
20 
ns 
3 
tLLAX 
Address 
Hold Time 
30 
ns 
4 
tpos 
Port Output 
Setup Time 
20 
ns 


6340 
PGM 
T14. 1 


SYMBOL 
TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 
JlT 


May change 
Will change 
from LOW 
from LOW 
to HIGH 
to HIGH 


~ 


May chan~e 
Will change 
fromHIG 
from HIGH 
to LOW 
to LOW 
"IXtA 


Don't Care: 
Chant'g: 


Changes 
State 
ot 
Allowed 
Known 
H 


N/A 
Center Line 
is High 
Impedance 


X88C75 
_I 


xLTemperature 
Range 
Blank = Commercial 
= DOC to +7DoC 
I = Industrial = -4DoC 
to +85°C 
M = Military = -55°C 
to + 125°C 


Package 
P = 48-Lead 
Plastic 
DIP 
J = 44-Lead 
PLCC 
L = 44-Lead 
TQFP 
• 


LIMITED WARRANTY 
Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification provisions appearing in its Terms of Sale only. Xicor, Inc. makes 
no warranty, 
express, statutory, implied, or by description 
regarding the information set forth herein or regarding the freedom of the described 
devices from patent infringement. 
Xicor, Inc. makes no warranty of merchantability 
or fitness for any purpose. Xicor, Inc. reserves the right to 
discontinue 
production 
and change specifications 
and prices at any time and without notice. 


Xicor, Inc. assumes no responsibility 
for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product. No other circuits, patents, 


licenses are implied. 


US. PATENTS 
Xicor products are covered by one or more of the following U.S. Patents: 4,263,664; 4,274,012; 4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 4,450,402; 4,486,769; 4,488,060; 4,520,461; 4,533,846; 4,599,706; 4,617,652; 4,668,932; 4,752,912; 4,829,482; 4,874,967; 4,883,976; 
4,980,859; 5,012,132; 
5,003,197; 5,023,694. 
Foreign patents and additional patents pending. 


LIFE RELATED 
POLICY 


In situations 
where semiconductor 
component 
failure may endanger life, system designers 
using this product should design the system with 


appropriate 
error detection and correction, 
redundancy and back-up features to prevent such an occurrence. 


Xicor's products are not authorized for use as critical components 
in life support devices or systems. 
1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain life, 


and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be reasonably expected 
to result in a significant 
injury to the user. 


2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to cause the failure 
of the life support device or system, or to affect its safety or effectiveness. 
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8051 Microcontroller 
Family Compatible 
iCDP 
® 


• Multiplexed Address/Data Bus 
-Direct 
Interface to Popular 8051 Family 


• High Performance CMOS 
-Fast 
Access Time, 120ns 
-Low 
Power 


--60mA 
Active Maximum 
-500JlA 
Standby Maximum 


• Software Data Protection 
• Block Protect Register 
-Individually 
Set Write Lock Out in 1K Blocks 


• Toggle Bit Polling 
-Early 
End of Write Detection 


• Page Mode Write 
-Allows 
up to 128 Bytes to be Writlen in 
One Write Cycle 


• High Reliability 
-Endurance: 
10,000 Write Cycle 
-Data 
Retention: 100 Years 


DESCRIPTION 


The 
X88257 
is an 32K x 8 E2PROM 
fabricated 
with 
advanced 
CMOS Textured 
Poly Floating 
Gate Technol- 


ogy. The X88257 
features 
a multiplexed 
address 
and 
data bus allowing 
direct interface 
to a variety 
of popular 


single-chip 
microcontrollers 
operating 
in expanded 
mul- 


tiplexed 
mode without 
the need for additional 
interface 


circuitry. 


• 


CE, CE 


WR 


RD 


PSEN 


L 


As-A14 
A 
T 
C 
H 


ALE 
E 
S 


SOFTWARE 
DATA 
PROTECT 


PIN DESCRIPTIONS 


Address/Data (AlDo-AlD]) 


Multiplexed 
low-order 
addresses 
and 
data. 
The 
ad- 
dresses 
flow into the device 
while ALE is HIGH. 
After 
ALE transitions 
from a HIGH to LOW the addresses 
are 
latched. 
Once 
the 
addresses 
are 
latched 
these 
pins 
input data or output data depending 
on RD, WR, PSEN, 
and CEo 


Addresses (Aa-A14) 


High order addresses 
flow into the device 
when ALE = 
VIH and are latched 
when ALE goes LOW. 


Chip Enable (CE) 


The Chip Enable 
input must be LOW to enable all read/ 
write operations. 
When 
CE is HIGH, ALE is LOW, and 
CE 
is LOW, 
the 
X88257 
is placed 
in the 
low power 
standby 
mode. If CE is used to select the device, the CE 
must be tied LOW. 


Chip Enable (CE) 


Chip enable 
is active 
HIGH. When CE is used to select 
the device, 
the CE must be tied HIGH. 


Program Store Enable (PSEN) 


When the X88257 
is to be used in a 8051-based 
system, 
PSEN 
is tied 
directly 
to the 
microcontroller's 
PSEN 
output. 


Read (RD) 


When the X88257 
is to be used in a 8051-based 
system, 
RD is tied directly 
to the microcontroller's 
RD output. 


Write (WR) 


When the X88257 
is to be used in a 8051-based 
system, 


WR is tied directly 
to the microcontroller's 
WR output. 


Address Latch Enable (ALE) 


Addresses 
flow through 
the latches to address decoders 
when ALE is HIGH and are latched when ALE transitions 
from a HIGH to LOW. 


PDIP 
CERDIP 
SOIC 


A14 


A12 
ALE 


PSEN 
CE 


NC 


NC 


NC 


NC 


NC 


NOO 
N01 
N02 
vss 


LCC 
PLCC 


W 
(\J 
v 
0 


1 
0: 
'" 
:;i .r-.r- 
>u ~ .r- 


PSEN 
5 
Aa 
CE 
6 
2a 
Ag 
NC 
7 
27 
An 
NC 
a 
26 
NC 
NC 
9 
X88257 
25 
RO 
NC 
10 
24 
A10 
NC 
11 
23 
CE 
NC 
12 
22 
AlD7 
NOO 
N06 
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0 
0 
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PIN NAMES 


Symbol 
Description 


ALE 
Address 
Latch Enable 


AlDo-A/D7 
Address 
Inputs/Data 
I/O 


Aa-A14 
Address 
Inputs 


RD 
Read Input 


WR 
Write 
Input 


PSEN 
Program 
Store Enable 
Input 


CE,CE 
Chip Enable 


Vss 
Ground 


Vcc 
Supply 
Voltage 


X88257 


TYPICAL APPLICATION 


U? 


31 
PO.O 39 
11 AlDO 
EAlVP 
PO.1 38 
12 AID1 
19 
PO.2 37 
12 AlD2 
X1 
PO.3 36 
15 AlD3 
POA 
35 
16 AlD4 
18 
PO.5 34 
17 AlD5 
X2 


PO.6 33 
18 AlD6 
9 
PO.7 32 
19 AlD7 
RESET 


P2.0 
21 
25 A8 
P2.1 
22 
24 A9 
12 
INTO 
P2.2 
23 
21 A10 
13 
INT1 
P2.3 
24 
23 A11 
14 
TO 
P2A 
25 
2 A12 
15 
T1 
P2.5 
26 
26 A13 
P2.6 
27 
1 A14 
1 
P1.0 
P2.7 
28 
20 CE 
5 
2 
P1.1 
CE 


3 
P1.2 
RD 
17 
22 RD 
4 
P1.3 
WR 
16 
27 WR 
5 
P1A 
PSEN 
29 
4 PSEN 
6 
P1.5 
ALEIP 
30 
3 ALE 
7 
P1.6 
TXD 
11 
8 
P1.7 
RXD 
10 
X88257 
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PRINCIPLES OF OPERATION 


The X88257 
is a highly integrated 
peripheral 
device for 


a wide variety of single-chip 
microcontrollers. 
The X88257 


provides 
32K-bytes 
of 5V E2PAOM 
which can be used 


either for program 
storage, 
data storage 
or a combina- 


tion of both, 
in systems 
based 
upon 
Harvard 
(80XX) 


architectures. 
The 
X88257 
incorporates 
the interface 


circuitry 
normally 
needed 
to decode 
the control 
signals 


and 
demultiplex 
the 
address/data 
bus 
to 
provide 
a 


"seamless" 
interface. 


The interface 
inputs on the X88257 
are configured 
such 


that it is possible 
to directly 
connect 
them to the proper 


interface 
signals 
of the appropriate 
single-chip 
micro- 
controller. 
In the Harvard 
type system, 
the reading 
of 


data from the chip is controlled 
either by the PSEN or the 


AD signal, which essentially 
maps the X88257 
into both 


the Program 
and the Data Memory 
address 
map. 


The 
X88257 
also 
features 
the 
industry 
standard 
5V 


E2PAOM 
characteristics 
such 
as byte or page 
mode 


write and Toggle 
Bit Polling. 


DEVICE OPERATION 


Modes-Mixed 
Program/Data 
Memory 


By properly 
assigning 
the 
address 
spaces, 
a single 
X88257 
can 
be used 
as both the 
program 
and 
data 


memory. 
This would be accomplished 
by connecting 
all 
the 8051 control 
outputs 
to the corresponding 
inputs of 


the X88257. 


Program 
Memory 
Mode 


This mode of operation 
is read-only. 
The PSEN and ALE 
inputs of the X88257 
are tied directly 
to the PSEN and 
ALE 
outputs 
of the 
microcontroller. 
The 
AD and WA 
inputs are tied HIGH. 


When 
ALE 
is HIGH, 
the A/Do-AlD7 
and 
A8-A14 
ad- 
dresses 
flow into the device. 
The addresses, 
both low- 


and high-order, 
are latched when ALE transitions 
LOW 
(V,Ll. PSEN will then go LOW and aftertpLDv; 
Valid data 
is presented 
on the AlDo-AlD7 
pins. CE must be LOW 


during the entire operation. 


• 


This 
mode 
of operation 
allows 
both 
read 
and 
write 


functions. 
The 
PSEN 
input 
is tied 
to VIH or to Vcc 
through 
a pull-up 
resistor. 
The ALE, RD, and WR inputs 
are tied directly to the microcontroller 
ALE, RD, and WR 


outputs. 


Read 


This operation 
is quite similar 
to the program 
memory 
read. 
A HIGH 
to LOW 
transition 
on ALE 
latches 
the 


addresses 
and the data will be output 
on the AD pins 


after RD goes LOW (tRLDV)' 


Write 


A write is performed 
by latching 
the addresses 
on the 


falling edge of ALE. Then WR is strobed 
LOW followed 


by valid data being 
presented 
at the AlDa-A/D? pins. 


The data will be latched 
into the X88257 
on the rising 
edge 
of WR. 
To 
write 
to the 
X88257, 
a three-byte 
command 
sequence 
must 
precede 
the 
byte(s) 
being 


written. 
(See Software 
Data Protection.) 


CE 
PSEN 
RD 
WR 
Mode 
I/O 
Power 


Vcc 
X 
X 
X 
Standby 
High Z 
Standby 
(CMOS) 


HIGH 
X 
X 
X 
Standby 
High Z 
Standby 
(TIL) 


LOW 
LOW 
HIGH 
HIGH 
Read 
Dour 
Active 


LOW 
HIGH 
LOW 
HIGH 
Read 
Dour 
Active 


LOW 
HIGH 
HIGH 
-------" 
Write 
DIN 
Active 


Regardless 
of the microcontroller 
employed, 
the X88257 


supports 
page 
mode write 
operations. 
This allows 
the 


microcontroller 
to write from 1 to 128 bytes of data to the 


X88257. 
Each individual 
write within a page write opera- 


tion must conform 
to the byte write timing requirements. 


Page Write Timing Sequence for WR Controlled Operation 


The 
falling 
edge 
of WR 
starts 
a timer 
delaying 
the 


internal 
programming 
cycle 
l0OIlS. 
Therefore, 
each 


successive 
write operation 
must begin within 
1DOllS of 


the last byte written. 
The following 
waveforms 
illustrate 


the sequence 
and timing 
requirements. 


_1\ __ 


TOGGLE BIT POLLING 


Because 
the typical write timing is less than the specified 


5ms, Toggle 
Bit Polling has been provided 
to determine 


the early end of write. During the internal 
programming 


cycle 
1/06 will toggle 
from 
"1" to "0" and "0" to "1" on 


subsequent 
attempts 
to 
read 
the 
device. 
When 
the 
internal cycle is complete 
the toggling 
will cease and the 
device 
will be accessible 
for additional 
read 
or write 
operations. 
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SOFTWARE DATA PROTECTION 


Software 
Data Protection 
(SOP) is employed 
to protect 


the entire array against inadvertent 
writes. To write to the 


X88257, 
a three·byte 
command 
sequence 
must precede 


the byte(s) 
being written. 
All write operations, 
both the 


command 
sequence 
and any data write operations 
must 


conform 
to the page write timing requirements. 
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ABSOLUTE 
MAXIMUM 
RATINGS· 


Temperature 
under 
Bias 
-65°C 
to + 135°C 


Storage 
Temperature 
-65°C 
to +150°C 


Voltage 
on any Pin with 
Respect 
to Vss 
-1V 
to +7V 


D.C. Output 
Current 
5mA 
Lead Temperature 
(Soldering, 
10 seconds) 
300°C 


Temperature 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


·COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 


indicated in the operational 
sections of this specification 
is 


not implied. Exposure to absolute 
maximum 
rating condi- 


tions for extended 
periods 
may affect device 
reliability. 


Supply 
Voltage 


X88257 


Limits 


5V ±10% 


6509 
PGM 
T04.1 


6509 
PGM T03.1 


D.C. OPERATING 
CHARACTERISTICS 
(Over recommended 
operating 
conditions 
unless 
otherwise 
specified.) 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Icc 
Vcc 
Current 
(Active) 
60 
mA 
CE = RD = VIL, All 110's = 
Open,Other 
Inputs = Vcc 


ISB1(CMOS) 
Vcc 
Current 
(Standby) 
500 
JlA 
CE = Vcc 
- 0.3V, All 110's = 


Open,Other 
Inputs = Vcc 
- 
0.3V, ALE = VIL 


ISB2(TIL) 
Vcc 
Current 
(Standby) 
6 
mA 
CE = VIH, All 110's = Open, 
Other 


Inputs = VIH, ALE = VIL 


III 
Input Leakage 
Current 
10 
JlA 
VIN = Vss to Vcc 


ILO 
Output 
Leakage 
Current 
10 
JlA 
VOUT = Vss to Vcc, 
RD = VIH = PSEN 


VIL(3) 
Input LOW Voltage 
-1 
0.8 
V 


VIH(3) 
Input HIGH Voltage 
2 
Vcc + 0.5 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL = 2.1mA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH = -400JlA 


Symbol 
Test 
Max. 
Units 
Conditions 


CI/O(4) 
Input/Output 
Capacitance 
10 
pF 
Vilo = OV 


CIN(4) 
Input Capacitance 
6 
pF 
VIN= 
OV 


Symbol 
Parameter 
Max. 
Units 


tpUR(4) 
Power-Up 
to Read 
1 
ms 


tpUW(4) 
Power-Up 
to Write 
5 
ms 


Noles: 
(3) VIL min. and VIH max. are for reference only and are not tested. 
(4) This parameter 
is periodically sampled and not 100% tested. 


Input Pulse Levels 
OVto 
3V 


Input Rise and 
Fall Times 
10ns 


Input and Output 
Timing 
Levels 
1.5V 


I 


100PF 
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A.C. CHARACTERISTICS (Over the recommended 
operating 
conditions 
unless otherwise 
specified.) 


PSEN Controlled Read Cycle 


Symbol 
Parameter 
Min. 
Max. 
Units 


tLHLL 
ALE Pulse Width 
80 
ns 


tAVLL 
Address 
Setup Time 
20 
ns 


tLLAX 
Address 
Hold Time 
30 
ns 


tPLOV 
PSEN 
Read Access 
Time 
120 
ns 


tPHDX 
Data Hold Time 
0 
ns 


tELLL 
Chip Enable 
Setup Time 
7 
ns 


PWPL 
PSEN 
Pulse Width 
150 
ns 


tps 
PSEN Setup Time 
30 
ns 


tPH 
PSEN 
Hold Time 
20 
ns 


tPHDZ (5) 
PSEN 
Disable 
to Output 
in High Z 
50 
ns 


tPLDX (5) 
PSEN to Output 
in Low Z 
10 
ns • 


Symbol 
Parameter 
Min. 
Max. 
Units 


tLHLL 
ALE Pulse Width 
80 
ns 


tAVLL 
Address 
Setup Time 
20 
ns 


tLLAX 
Address 
Hold Time 
30 
ns 


tRLDV 
RD Read Access 
Time 
120 
ns 


tRHDX 
Data Hold Time 
0 
ns 


tELLL 
Chip Enable 
Setup Time 
7 
ns 


PWRL 
RD Pulse Width 
150 
ns 


tRDS 
RD Setup Time 
30 
ns 


tRDH 
RD Hold Time 
20 
ns 


tRHDZ (6) 
RD Disable 
to Output 
in High Z 
50 
ns 


tRLDX (6) 
RD to Output 
in Low Z 
0 
ns 


INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 


May change 
Will change 


from LOW 
from LOW 


to HIGH 
to HIGH 


May change 
Will change 
from HIGH 
from HIGH 


to LOW 
to LOW 


Don't Care: 
Changing: 
Changes 
State Not 


Allowed 
Known 


N/A 
Center Line 
is High 
Impedance 


Symbol 
Parameter 
Min. 
Max. 
Units 


tLHLL 
ALE Pulse Width 
80 
ns 


tAvLL 
Address 
Setup Time 
20 
ns 


tLLAX 
Address 
Hold Time 
30 
ns 


tDVWH 
Data Setup Time 
50 
ns 


tWHDX 
Data Hold Time 
30 
ns 


tELLL 
Chip Enable 
Setup Time 
7 
ns 


tWLWH 
WR Pulse Width 
120 
ns 


tWRS 
WR Setup Time 
30 
ns 


tWRH 
WR Hold Time 
20 
ns 


tSLC 
Byte Load Time (Page Write) 
0.5 
100 
J.ls 


twc 
(7) 
Write Cycle Time 
5 
ms 
• 


Note: 
(7) 
twc 
is the minimum cycie time to be allowed from the system perspective 
unless polling techniques 
are used. It is the maximum 
time the device requires to automatically 
complete the internal write operation. 


X88257 
_T 


xLTemperature 
Range 
Blank = Commercial = O°Cto +70°C 
I = Industrial = -40°C to +85°C 
M = Military = -55°C to +125°C 
MB = MIL-STD-883 


Package 
P = 28-Lead Plastic DIP 
D = 28-Lead Cerdip 
S = 28-Lead SOIC 
E = 32-Pad LCC 
J = 32-Lead PLCC 


LIMITED WARRANTY 
Devices sold by Xicor, Inc. are covered by the warranty and patent indemnification 
provisions appearing in its Terms of Sale only. Xicor, Inc. makes 
no warranty, 
express, statutory, 
implied, or by description 
regarding the infonnation set forth herein or regarding the freedom of the described 
devices from patent infringement. 
Xicor, Inc. makes no warranty of merchantability 
or fitness tor any purpose. Xicor, Inc. reserves the right to 
discontinue 
production 
and change specifications 
and prices at any time and without notice. 


Xicor, Inc. assumes no responsibility 
for the use of any circuitry other than circuitry embodied in a Xicor, Inc. product. No other circuits, patents, 


licenses are implied. 


US. PATENTS 
Xicor products are covered by one or more of the following 
U.S. Patents: 4,263,664; 4,274,012; 4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 4,450,402; 4,486,769; 4,488,060; 4,520,461 ;4,533,846; 4,599,706; 4,617,652; 4,668,932; 4,752,912; 4,829,482; 4,874,967; 4,883,976; 
4,980,859; 
5,012,132; 5,003,197; 
5,023,694. 
Foreign patents and additional patents pending. 


LIFE RELATED 
POLICY 
In situations 
where semiconductor 
component 
failure may endanger 
life, system designers 
using this product should design the system with 
appropriate 
error detection and correction, 
redundancy and back-up features to prevent such an occurrence. 


Xicor's products are not authorized 
for use as critical components 
in life support devices or systems. 


1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain life, 
and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be reasonably expected 
to result in a significant 
injury to the user. 


2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to cause the failure 


of the life support device or system, or to affect its satety or effectiveness. 
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iCOP 
® 


XM20C64 


High Speed AUTOSTORE™ NOVRAM 


FEATURES 


• High Speed: tAA = 55ns 
• NO Batteries!! 
• Low Power CMOS 
• AUTOSTORE™ NOVRAM 
-Automatically 
Stores RAM data to E2PROM 
upon Power-fail 
Detection 
• Open Drain AUTOSTORE Output Pin 
-Provides 
Interrupt 
or Status Information 
-Linkable 
to System Reset Circuitry 
• Auto Recall 
-Automatically 
Recalls E2PROM Data During 
Power-on 
• Fully Decoded Module 
• Full Military Temperature 
Range 
- 
-55°C to +125°C 
• High Reliability 


-Endurance: 
1,000,000 Nonvolatile Store Cycles 
-Data 
Retention: 
100 Years 
• ESD Protection 
-~KVAII 
Pins 
• Also Available 
in 66 Pin PUMA Package 


DESCRIPTION 


The XM20C64 is a high speed nonvolatile RAM Module. 
It is comprised 
of four Xicor X20C16 
high speed 


NOVRAMs, a high speed decoder and decoupling 
capacitors mounted on a co-fired multilayered Ceramic 
substrate. The XM20C64 isconfigured 8K x 8 and isfully 
decoded. The module isa 28-lead DIP conforming to the 
industry standard pinout for SRAMs. 


The XM20C64 fully supports the AUTOSTORE feature, 
providing hands-off automatic storing of RAM data into 
E2PROMwhen Vcc falls belowthe AUTOSTORE thresh- 
old. 


The XM20C64 is a highly reliable memory component, 
supportingunlimitedwritesto RAM,a minimum 1,000,000 
store cycles and a minimum 100 year data retention. 


III 


A11 
2 
AD 


A12 
3 
A1 


PIN DESCRIPTIONS 


Addresses 
{Ao·Ad 


The address inputs select an 8-bit memory location 
during read and write operations. 


Chip Enable (CE) 


The chip enable input must be LOW to enable all read, 
write and user requested nonvolatile operations. 


Output Enable (OE) 


During normal RAM operations OE controls the data 
output buffers. If a hardware nonvolatile operation is 
selected (NE = CE = LOW) and OE strobes LOW, a 
recall operation will be initiated. 


OE LOWwili always disable a STORE operation regard- 
less of the state of NE, WE, and CE so long as the 
internal transfer has not commenced. 


Write Enable (WE) 


During normal RAM operations WE = CE = LOW will 
cause data to be written to the RAM address pointed to 
by the Ao-A12inputs. 


Nonvolatile 
Enable (NE) 


The nonvolatile input controls the transfer of data from 
the E2PROM array to the RAM array, when strobed 
LOW in conjunction with CE = OE = LOW. 


Data In/Data Out (1I00-I/07) 


Data is written to or read from the X20C64 through the 
110 pins. The 110 pins are placed in the high impedance 
statewheneitherCE 
orOE is HIGH orwhen NE is LOW. 


AUTOSTORE Output (AS) 


AS is an open-drain output. When it is asserted (driving 
LOW) itindicates Vcc hasfallen belowthe AUTOSTORE 
threshold and an internal store operation has been 
initiated. Because AS is an open drain output it may be 
wire-ORed with multiple open drain outputs and used as 
an interrupt input to a microprocessor. 


NOVRAM operations are identical to those of a standard 
SRAM. When OE and CE are asserted data ispresented 
at the 1I0s from the address location pointed to by the 
Ao-A12 inputs. 


RAM write operations are initiated and the address input 
is latched by the HIGH to LOW transition of CE or WE, 
whichever occurs last. Data is latched on the rising edge 
of either CE or WE, whichever occurs first. 


PIN CONFIGURATION 


NE 
1 
28 
vcc 


A12 
2 
27 
WE 
A7 
3 
26 
AS 


A6 
4 
25 
A8 


As 
5 
24 
A9 


A4 
6 
23 
A11 


A3 
7 
22 
OE 
A2 
8 
21 
A10 


A1 
9 
20 
CE 
Ao 
10 
19 
1/°7 


1/°0 
11 
18 
1/°6 
1/°1 
12 
17 
1/°5 
1/°2 
13 
16 
1/04 


vss 
14 
15 
1/°3 


3874 
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An array recall, E2PROM data transferred to RAM, is 
initiated wheneverOE = NE = CE = LOW. A recall isalso 
performed automatically upon power-up. 


Command Sequence Operations 


The X20C64 employs a version of the industry standard 
Software Data Protection (SOP). The end user can 
select various options for transferring data from RAM 
into the E2PROM array. 


All command sequences are comprised of three specific 
data/address write operations performed with NE LOW. 
A Store operation can be directly selected by issuing a 
Store command. The user may also enable and disable 
the AUTOSTORE function through the software data 
protection sequence. Refer to Table 1 below for a 
complete description of the command sequence. 


Operational 
Notes 


The X20C64 should be viewed as a subsystem when 
writing software for the various store operations. The 
module contains four discrete components each need- 
ing to be set to the required state individually. The two 
high order address bits (A11and A12)select only one of 
the four components. 


Step 
Operation 
Ao-A10 * 
Data Pattern 


1 
Write 
555 
AA 


2 
Write 
2AA 
55 


3 
Write 
555 
Command 


Command 
Function 


CC[H] 
Enable 
Autostore 


CD[H] 
Disable 
Autostore 


33[H] 
Store Operation 


3874 
PGM T11 


It should be noted, the high order addresses should remain 
stable during the operations. 
It should also be noted that these 


commands 
are not global, that is only one device on the module 


will be affected by each command operation. 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 


tSTO 
Store Time 
5 
ms 


tsp 
Command 
Write Pulse Width 
50 
ns 


tSPH 
Inter Command 
Delay 
55 
ns 


OE 
-.! 
• 


ABSOLUTE MAXIMUM RATINGS· 
Temperature 
Under 
Bias 
-65°C 
to + 125°C 


Storage 
Temperature 
-65°C 
to +125°C 


Voltage 
on any Pin with 
Respect 
to Vss 
. 
-1 V to +7V 


Lead Temperature 


(Soldering, 
10 seconds) 
300°C 


·COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 


Ratings" 
may cause permanent 
damage 
to the module. 


This is a stress rating only and the functional 
operation 
of 


the module at these or any other conditions 
above those 


indicated in the operational 
sections of this specification 
is 


not implied. Exposure to absolute 
maximum 
rating condi- 


tions for extended 
periods may affect module 
reliability. 


Temperature 


Military 


Min. 


-55°C 


Max. 


+125°C 


Supply Voltage 


XM20C64 


Limits 


5V±10% 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


lee1 
Vee Active 
Current 
100 
mA 
NE = WE + VIH, CE = OE = Vll, 
Address 
Inputs = TTL Inputs 
@ f = 20MHz 


All I/Os = Open 


lee2 
Vee Active 
Current 
10 
mA 
All Inputs = VIH, All I/Os = Open 


(AUTOSTORE) 


IS8 
Vee Standby 
Current 
1.5 
mA 
All Inputs = Vee-0.3V 
Alii/Os 
= Open 


III 
Input Leakage 
Current 
10 
~A 
VIN = Vss to Vee 


ILO 
Output 
Leakage 
Current 
10 
~A 
VIN = Vss to Vee, CE = VIH 
Vll(l) 
Input LOW Voltage 
-0.5 
0.8 
V 


VIH(l) 
Input HIGH Voltage 
2 
Vee+ 
0.5 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOl = 5mA 


VOlAS 
AUTOSTORE 
Output 
0.4 
V 
IOlAS = 1mA 
Voltage 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH =-4mA 


Symbol 
Parameter 
Max. 
Units 


tPUR 
Power-Up 
(Vee Min.) to RAM Operation 
500 
~s 


tpUST 
Power-Up 
(Vee Min.) to Store Operation 
5 
ms 


Symbol 
Test 
Max. 
Units 
Conditions 


CI/O(2) 
Input/Output 
Capacitance 
40 
pF 
VI/O = OV 


CIN(2) 
Input Capacitance 
24 
pF 
V1N= OV 


Notes: 
(1) 
VIL min. and VIH max. are for reference only and are not tested. 


(2) This parameter 
is periodically sampled and not 100% tested. 


A.C. CHARACTERISTICS 
(Over the recommended 
operating 
conditions 
unless otherwise 
specified) 


Read Cycle Limits 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 


tRC 
Read Cycle Time 
55 
ns 


tCE 
Chip Enable Access 
Time 
55 
ns 


tAA 
Address 
Access 
Time 
55 
ns 


tOE 
Output 
Enable 
Access 
Time 
30 
ns 


tLZ(3) 
CE Low to Output 
in Low Z 
0 
ns 


tOLZ(3) 
OE Low to Output 
in Low Z 
0 
ns 


tHZ(3) 
CE High to Output 
in Low Z 
0 
25 
ns 


tOHZ(3) 
OE High to Output 
in Low Z 
0 
25 
ns 


tOH 
Output 
Hold 
0 
ns 


Note: 
(3) 
tLZ min., tHZ min., tOLZ min., and tOHZ min. are periodically sampled and not 100% tested. tHZ max. and tOHZ max. are 
measured from the point when CE or OE return high (whichever occurs first) to the time when the outputs are no longer driven. 


CE 
WE 
NE 
OE 
Mode 
1/0 State 
Power 


H 
X 
X 
X 
Module 
Not Selected 
High Z 
Standby 


L 
H 
H 
L 
Read RAM Active 
Data Output 
Active 


L 
L 
H 
X 
Write RAM 
Data Input 
Active 
L 
L 
L 
H 
Issue Software 
Command 
Data Input 
Active 


L 
H 
H 
H 
Output 
Disabled 
HighZ 
Active 


L 
H 
L 
L 
Hardware 
Array Recall 
HighZ 
Active 


L 
H 
L 
H 
No Operation 
HighZ 
Active 


L 
L 
L 
L 
Not Allowed 
High Z 
Active 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 


twe 
Write Cycle time 
55 
ns 


twP 
WE Pulse Width 
40 
ns 


tew 
CE Pulse Width 
40 
ns 


tAS 
Address 
Setup 
0 
ns 


tDS 
Data Setup 
25 
ns 


tOH 
Data Hold 
0 
ns 


tow 
Output 
Active from End of Write 
5 
ns 


tWR 
End of Write to Read 
0 
ns 


--* 


IDS ----<.-tI.•• 
-IOHj 
_ 


DATAVALID 
--------- 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 


tRCC 
Array 
Recall 
Time 
10 
~s 


tRCP 
Recall 
Strobe 
Pulse 
Width 
50 
ns 


tRWE 
Delay 
From 
WE HIGH to Recall 
0 
ns 


Note: 
The recall sequence must be repeated for each memory component 
individually. This is accomplished 
by sequencing 
through the 
Array Recall Cycle with all four combinations 
of A11, and A12. 


«((((0 


SYMBOL TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 
JlT 


May change 
Will change 
from LOW 
from LOW 
to HIGH 
to HIGH 


~ 


May change 
Will change 
from HIGH 
from HIGH 
to LOW 
to LOW 


XXXX 


Don't Care: 
Changing: 
Changes 
State Not 
Allowed 
Known 
H 


N/A 
Center Line 
is High 
Impedance 


6-7 


ORDERING 
INFORMATION 


XM20C64: 
2K X 8 CMOS 
NOVRAM 
Memory 
Module 


XM20C64 
T 


X 
-X 


~ 


Access 
Time 
-55 = 55ns 


Temperature 
Range 
Blank = Commercial 
= DOCto +7DoC 
I = Industrial 
= -4DOC to +85°C 


M = Military = -55°C 
to + 125°C 


MHR = Military 
High Rei 


Blank = 28 Lead Ceramic 
DIP Module 


P = 66 Pin PUMA 
Module 


LIMITED WARRANTY 


Devices 
sold by Xicor, 
Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms of Sale only. Xicor, Inc. makes no warranty, 
express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent 
infringement. 


Xicor, Inc. makes no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 
prices at any time and without 
notice. 


Xicor, Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the tollowing 
U.S. Patents: 4,263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 


4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 967; 4,883,976. 
Foreign 
patents 
and 
additional 
patents 
pending. 


LIFE RELATED 
POLICY 


In situations 
where semiconductor 
component 
failure may endanger 
life, system designers 
using this product should design the system 
with appropriate 
error 
detection 
and correction, 
redundancy 
and back-up 
features 
to prevent such an occurrence. 


Xicor's products 
are not authorized 
for use in critical components 
in life support devices 
or systems. 
1. Life support 
devices 
or systems 
are devices 
or systems 
which, (a) are intended 
for surgical 
implant 
into the body, or (b) support or sustain 
life, and whose 
failure to perform, 
when properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 


injury to the user. 


2. A critical component 
is any component 
of a life support 
device or system whose failure to perform 
can be reasonably 
expected 
to cause the failure of the life 
support 
device or system, 
or to affect its safety or effectiveness. 


• High Speed, High Density Memory Module 
-150ns, 
120ns, 90ns and 70ns Access Times 
Available 
-1 
Megabit Memory in 1 square inch. 
• Flexible Multiplane Architecture 
-Four 
Separate Chip Selects 


-32 
Separate II0s 
• User Configurable I/Os-x8, 
x16, or x32 
• User Configurable Page Size-64 
Double- 
words, 128 Words, or 256 Bytes 
-Concurrent 
ReadlWrite Operations 
• Able to Continue Reading During a 
Nonvolatile Write Cycle. 


• 5 Volt Byte or Page Alterable 
-No 
Erase Before Write 


• Software Data Protection 
• Ec:rlyEnd of Write Polling 
-DATA 
Polling 
-Toggle 
Bit Polling 


• High Reliability 
-Endurance: 
100,000 Cycles 
-Data 
Retention: 100 Years 


DESCRIPTION 


The XM28C010P is a high speed, high density CMOS 
byte alterable nonvolatile memory array constructed on 
a co-fired ceramic substrate using Xicor's High Speed 
32K x 8 components in 32-pad leadless chip carriers. 
The Substrate is a 66-pin ceramic pin grid array. 


The module is configured with four separate chip 
enable and write enable inputs and 32 separate I/Os. 
This, along with the small footprint, provides the end 
user with a large degree of flexibility in board layout and 
memory configuration. In addition, with the large num- 
ber of pins and the growth path being implemented, the 
module will be able to grow to 16 megabits. 


I 


32k x 8 
32k x 8 
32k x 8 
32k x 8 


'.' 
'1 


~ 
~ 
~ 


0 0 0 
0 0 0 
1/08 
WE2 
1/015 
1/024 
VCC 
1/031 
0 0 0 
0 0 0 
1/09 
CE2 
1/014 
1/025 
CE4 
1/030 
0 0 0 
0 0 0 
1/010 
GND 
1/013 
1/026 
WE4 
1/029 
0 0 0 
0 0 0 
A13 
1/011 
1/012 
A6 
1/027 
1/028 
0 0 0 
0 0 0 
A14 
A10 
OE 
A7 
A3 
AO 
0 0 0 
0 0 0 
NC 
A11 
NC 
A15 
A4 
A1 
0 0 0 
0 0 0 
NC 
A12 
WE1 
A8 
A5 
A2 
0 0 0 
0 0 0 
NC 
VCC 
1/07 
A9 
WE3 
1/023 
0 0 0 
0 0 0 
1/00 
CE1 
1/06 
1/016 
CE3 
1/022 
0 0 0 
0 0 0 
1/01 
NC 
1/05 
1/017 
GND 
1/021 
0 0 0 
0 0 0 
1/02 
1/03 
1/04 
1/018 
1/019 
1/020 


I- 
1.09+1-.010 SO 
-I 


L~~'" 


.- 
.180 


.050 TYP 
--.i 


PIN#1 
IDENTIFIER 
(NOT CHAMFERED) 


.100TYP 
r 


·320MAXD- 
--j 
.050---.1 
--..018 


XM28C010P 
X 
-xT_ 
Access Time 
70 = 70ns 
90 = 90ns 
12 = 120ns 
15 = 150ns 
20 = 200ns 


Temperature 
Range 
Blank = Commercial 
= O°C to +70°C 
I = Industrial = -40°C 
to +85°C 
M = Military = -55°C 
to +125°C 


MHR = Military 
High Rei 


III 


LIMITED WARRANTY 
Devices 
sold by Xicor, 
Inc. are covered 
by the warranty 
and patent 
indemnification 
provisions 
appearing 
in its Terms of Sale only. Xicor, 
Inc. makes 
no warranty, 
express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent 
infringement. 


Xicor, Inc. makes 
no warranty 
of merchantability 
or fitness 
for any purpose. 
Xicor, Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 


prices at any time and without 
notice. 


Xicor, Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4.263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 
4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 
967; 4,883, 
976. Foreign 
patents 
and additional 
pat- 
ents pending. 


LIFE RELATED 
POLICY 


In situations 
where semiconductor 
component 
failure may endanger 
life, system designers 
using this product should design the system 
with appropriate 
error detec- 
tion and correction, 
redundancy 
and back-up 
features 
to prevent such an occurrence. 


Xicor's products 
are not authorized 
for use in critical components 
in life support devices or systems 


1. 
Life support 
devices 
or systems 
are devices 
or systems 
which, 
(a) are intended 
for surgical 
implant 
into the body, or (b) support 
or sustain 
life, and whose 
fail- 


ure to perform, 
when properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 
injury to the 


user. 


2. 
A critical 
component 
is any component 
of a life support 
device 
or system 
whose 
failure to perform 
can be reasonably 
expected 
to cause 
the failure 
of the life 
support 
device or system, 
or to affect its safety or effectiveness. 


iCOP 
® 


TYPICAL 
FEATURES 


• High Density 2 Megabit (256K x 8) Module 
• Access Time of 200ns at -55°C to +125°C 
• Base Memory Component: Xicor X28C513 
• Pinout conforms to JEDEC Standard for 
2 Megabit E2PROM 
• Fast Write Cycle Times 
-128 
Byte Page Write 
-Byte 
or Page Write Cycle: 5ms Typical 
-Complete 
Memory Rewrite: 10 Seconds 
• Early End of Write Detection 
-DATA 
Polling 
-Toggle 
Bit Polling 
• Software Data Protection 
• Three Temperature Ranges 
-Commercial: 
O°Cto +75°C 
-Industrial: 
-40° to +85°C 
-Military: 
-55° to +125°C 
• High Rei Module 
-100% 
MIL-STD-883Compliant Components 


FUNCTIONALDIAGRAM 


AO-A15 


1/°0-1/°7 


OE 
WE 
CE 


DESCRIPTION 


The XM28C020 
is a high density 
2 Megabit 
E2PROM 
comprised 
of four X28C513 
LCCs mounted 
on a co-fired 
multilayered 
ceramic 
substrate. 
Individual 
components 


are 100% tested 
prior to assembly 
in module 
form and 
then 100% tested 
after assembly. 


The XM28C020 
is configured 
256K x 8 bit. The module 
supports 
a 128-byte 
page 
write 
operation. 
This 
com- 


bined with DATA Polling orToggle 
Bit Polling, effectively 
provides 
a 39Jls/byte 
write 
cycle, 
enabling 
the entire 
array to be rewritten 
in 10 seconds. 


The XM28C020 
provides 
the same high endurance 
and 


data retention 
as the X28C513. 


-- 
X28C513 
AO-A15 


1/°0-1/°7 


X28C513 
Ao-A15 


1/°0-1/°7 


OE 


WE 


CE 


X28C513 
Ao-A15 


1/°0-1/°7 


OE 
WE 


CE 


PIN DESCRIPTIONS 


Addresses (Ao-An) 


The 
Address 
inputs 
select 
an 8-bit 
memory 
location 


during 
a read or write operation. 


Chip Enable (CE) 


The Chip Enable 
input must be LOW to enable all readl 
write operations. 
When CE is HIGH, power consumption 


is reduced 
(see Note 4). 


Output Enable (OE) 


The Output Enable input controls 
the data output buffers 


and is used to initiate 
read operations. 


Data InlData Out (1100-1/07) 


Data is written 
to or read from the XM28C020 
through 


the I/O pins. 


Write Enable (WE) 


The Write Enable input controls 
the writing of data to the 


XM28C020. 


PIN CONFIGURATION 


NC 
VCC 


A16 
31 
WE 


A15 
3 
30 
Au 
A12 
4 
29 
A14 
A7 
5 
28 
A13 


A6 
6 
27 
A8 


A5 
7 
26 
A9 
A4 
8 
25 
A11 
XM28C020 
A3 
9 
24 
OE 


A2 
10 
23 
AlO 


A1 
11 
22 
CE 


AO 
12 
21 
1/°7 


1/°0 
13 
20 
1/°6 


1/°1 
14 
19 
1/°5 


1/°2 
15 
18 
1/04 


Vss 
16 
17 
1/°3 


3872 
FHO 
F02 


PIN NAMES 


Symbol 
Description 


Arr-A17 
Address 
Inputs 


1/0rr-1/07 
Data Input/Output 


WE 
Write 
Enable 


CE 
Chip Enable 


OE 
Output 
Enable 


Vcc 
+SV 


Vss 
Ground 


NC 
No Connect 


Read 


Read operations 
are initiated 
by both OE and CE LOW. 
The 
read operation 
is terminated 
by either 
CE or OE 


returning 
HIGH. 
This 
2-line 
control 
architecture 
elimi- 


nates bus contention 
in a system environment. 
The data 


bus will be in a high impedance 
state when either OE or 


CE is HIGH. 


Write 


Write operations 
are initiated when both CE and WE are 


LOW and OE is HIGH. The XM28C020 
supports 
both a 


CE and WE controlled 
write cycle. That is, the address 


is latched 
by the 
falling 
edge 
of either 
CE 
or WE, 
whichever 
occurs 
last. 
Similarly, 
the 
data 
is latched 


internally 
by the rising edge of either CE or WE, which- 


ever occurs 
first. A byte write operation, 
once initiated, 
will automatically 
continue 
to completion, 
typically within 


5ms (see Note 4). 


Page Write 
Operation 


The 
page 
write 
feature 
of the XM28C020 
allows 
the 


entire 
memory 
to be written 
in 10 seconds. 
Page write 


allows 
two 
to 128 
bytes 
of data 
to be consecutively 


written to the XM28C020 
prior to the commencement 
of 


the internal 
programming 
cycle. The host can fetch data 


from 
another 
device 
within 
the system 
during 
a page 


write 
operation 
(change 
the source 
address), 
but the 


page 
address 
(A7 through 
Ad 
for each 
subsequent 


valid write cycle to the part during this operation 
must be 


the same as the initial page address. 


The page write 
mode can be initiated 
during 
any write 


operation. 
Following 
the initial byte write cycle, the host 


can write 
an additional 
one to 127 bytes 
in the same 


manner 
as the first byte was written. 
Each successive 


byte 
load 
cycle, 
started 
by the 
WE 
HIGH 
to 
LOW 


transition, 
must begin within 1OOJ.l.Sof the falling edge of 


the preceding 
WE. 
If a subsequent 
WE HIGH to LOW 


transition 
is not 
detected 
within 
100J.l.s, the 
internal 


automatic 
programming 
cycle will commence. 
There 
is 


no page 
write 
window 
limitation. 
Effectively 
the page 


write 
window 
is infinitely 
wide, 
so 
long 
as the 
host 


continues 
to access the device within the byte load cycle 


time of 100J.l.s. 


Write Operation 
Status 
Bits 


The XM28C020 
provides 
the user two write 
operation 


status 
bits. These 
can be used to optimize 
a system 


write cycle time. The status 
bits are mapped 
onto the 


I/O bus as shown 
in Figure 
1. 


Figure 
1. Status 
Bit Assignment 


RESERVED 


----TOGGLE 
BIT 


------ 
DATAPOLLING 


DATA Polling 
(1/07) 


The XM28C020 
features 
DATA Polling 
as a method 
to 


indicate 
to the host system 
that the byte write or page 
6 


write cycle has completed. 
DATA Polling allows a simple 


bit 
test 
operation 
to 
determine 
the 
status 
of 
the 


XM28C020, 
eliminating 
additional 
interrupt 
inputs 
or 


external 
hardware. 
During 
the 
internal 
programming 


cycle, 
any 
attempt 
to 
read 
the 
last 
byte 
written 
will 


produce 
the complement 
of that data on 1/07 (Le., write 


data = OXXXxxxx, 
read data = 1xxx xxxx). 
Once 
the 


programming 
cycle 
is complete, 
1/07 will 
reflect 
true 


data. Note: If the XM28C020 
is in the protected 
state and 


an illegal write operation 
is attempted, 
DATA Polling will 


not operate. 


Toggle 
Bit (1/06) 


The XM28C020 
also provides 
another 
method for deter- 


mining when the internal write cycle is complete. 
During 


the internal 
programming 
cycle 
1/06 will toggle 
from "1" 


to "0" and "0" to "1" on subsequent 
attempts 
to read the 
last byte written. When the internal cycle is complete 
the 
toggling 
will cease and the device 
will be accessible 
for 


additional 
read or write operations. 


DATA 
POLLING 
1107 
Figure 
2. DATA 
Polling 
Bus Sequence 


LAST 


WE 
~ 


OAT A Polling can effectively 
halve the time for writing to 


the XM28C020. 
The timing 
diagram 
in Figure 
2 illus- 


trates the sequence 
of events on the bus. The software 


flow 
diagram 
in Figure 
3 illustrates 
one 
method 
of 


implementing 
the routine. 


THE TOGGLE 
BIT 1106 
Figure 
4. Toggle 
Bit Bus Sequence 


LAST 


WE~ 


The Toggle Bitcan eliminate the software housekeeping 
chore of saving and fetching the last address and data 
written to a device in order to implement DATA Polling. 
This can be especially helpful in an array comprised of 
multiple XM28C020 memories that is frequently up- 
dated. The timing diagram in Figure 4 illustrates the 
sequence of events on the bus. The software flow 
diagram in Figure 5 illustrates a method for testing the 
Toggle Bit. 
• 


COMPARE 
ACCUMWITH 
ADDR n 


HARDWARE 
DATA 
PROTECTION 


The XM28C020 
provides 
three 
hardware 
features 
that 


protect 
nonvolatile 
data from inadvertent 
writes. 


• Noise Protection-A 
WE pulse less than 1Ons will not 


initiate 
a write cycle. 


• Default 
Vcc Sense-All 
functions 
are inhibited 
when 


Vcc is:S;3V. 


• Write 
Inhibit-Holding 
OE LOW will prevent 
an inad- 


vertent 
write cycle during power-up 
and power-down. 


SOFTWARE 
DATA 
PROTECTION 


The XM28C020 
does provide the Software 
Data Protec- 


tion (SOP) feature. 


The 
module 
is shipped 
from 
Xicor 
with the Software 


Data Protection 
NOT ENABLED; 
that is, the module will 


be in the standard 
operating 
mode. 
In this mode, data 


should 
be protected 
during power-up/-down 
operations 


through 
the use of external 
circuits. The host system will 


then 
have open 
read and write 
access 
of the module 


once Vcc is stable. 


The module can be automatically 
protected during power- 


up/-down 
without 
the need for external 
circuits 
by em- 


ploying 
the 
SOP 
feature. 
The 
internal 
SOP circuit 
is 


enabled 
after the first write operation 
utilizing 
the SOP 


command 
sequence. 


When 
this 
feature 
is employed, 
it will 
be easiest 
to 


incorporate 
in the 
system 
software 
if the 
module 
is 


viewed 
as 
a subsystem 
composed 
of four 
discrete 


memory 
devices 
with an address 
decoder 
(see Func- 


tional 
Diagram). 
In this manner, 
system 
memory 
map- 


ping will extend 
onto the module. 
That 
is, the discrete 


memory ICs and decoder 
should be considered 
memory 


board components 
and SOP can be implemented 
at the 


component 
level as described 
in the next section. 


SOFTWARE 
COMMAND 
SEQUENCE 


A16 and A17 are used by the decoder 
to select one of the 


four 
LCCs. 
Therefore, 
only 
one 
of the 
four 
memory 


devices can be accessed 
at one time. In orderto 
protect 


the entire 
module, 
the 
command 
sequence 
must 
be 


issued separately 
to each device. 


Enabling the software 
data protection 
mode requires the 


host system 
to issue a series of three write operations: 


each 
write 
operation 
must 
conform 
to the 
data 
and 


address 
sequence 
illustrated 
in 
Figures 
6 
and 
7. 


Because 
this 
involves 
writing 
to a nonvolatile 
bit, the 


device 
will become 
protected 
after 
twc 
has elapsed. 


After this point 
in time 
devices 
will inhibit 
inadvertent 


write operations. 


Once in the protected 
mode, authorized 
writes 
may be 


performed 
by issuing the same command 
sequence 
that 


enables SOP, immediately 
followed 
by the address/data 
combination 
desired. 
The command 
sequence 
opens 


the page write window 
enabling 
the host to write from 
one to 128 bytes of data. Once the data has been written, 
the device will automatically 
be returned to the protected 


state. 


In orderto 
facilitate 
testing of the devices 
the SOP mode 


can be deactivated. 
This is accomplished 
by issuing 
a 


series of six write operations: 
each write operation 
must 


conform 
to the data and address 
sequence 
illustrated 
in 


Figures 8 and 9. This is a nonvolatile 
operation, 
and the 


host will have to wait a minimum 
twc before attempting 
to write new data. 


SOFTWARE DATA PROTECTION 
Figure 6. Timing Sequence-Byte 
or Page Write 


Vcc 


OV 


BYTE 
OR 
PAGE 


Figure 7. Write Sequence for 
Software Data Protection 


WRITE DATAAA 
TO ADDRESS 
5555 


1 


WRITE 
DATA 55 
TO ADDRESS 
2AAA 


1 


WRITE DATAAO 
TO ADDRESS 


5555 


1 


WRITE DATA XX 


TO ANY 


ADDRESS 


Regardless of whether the device has previously been 
protected or not, once the software data protected 
algorithm is used and data has been written, the device 
will automatically disable further writes unless another 
command is issued to cancel it. If no further commands 
are issued the device will be write protected during 
power-down and after any subsequent power-up. • 


• 
WRITE 
LAST 
BYTE TO 
LAST ADDRESS 


1 


AFTERtwc 
RE-ENTERS 
DATA 


PROTECTED 
STATE 


RESETTING SOFTWARE DATA PROTECTION 
Figure 8. Reset Software Data Protection Timing Sequence 


Vcc 
--{r 
J} 


Figure 9. Software Sequence to Deactivate 
Software Data Protection 


r:t 
) 


STANDARD 


;;,twc 
OPERATING 
MODE 


( 
J 


In the event the user wants 
to deactivate 
the software 
data protection 
feature 
for testing 
or reprogramming 
in 
an E2PROM 
programmer, 
the following 
six step algo- 
rithm will reset the internal 
protection 
circuit. 
After twc. 


the device will be in standard 
operating 
mode. 


WRITE DATAAA 


TO ADDRESS 
5555 


WRITE 
DATA 55 


TO ADDRESS 
2AAA 


WRITE DATA 80 
TO ADDRESS 
5555 


WRITE DATAAA 


TO ADDRESS 
5555 


WRITE 
DATA 55 
TO ADDRESS 
2AAA 


INPUTS 
OUTPUTS 


Must be 
Will be 
steady 
steady 


May change 
Will change 


from LOW 
from LOW 


to HIGH 
10 HIGH 


May change 
Will change 
from HIGH 
from HIGH 


to LOW 
10 LOW 


Don't Care: 
Changing: 


Changes 
State Not 
Allowed 
Known 


N/A 
Center Line 
is High 
Impedance 


Because the XM28C020 is frequently used in large 
memory arrays it is provided with a two line control 
architecture for both read and write operations. Proper 
usage can provide the lowest possible powerdissipation 
and eliminate the possibility of contention where mul- 
tiple I/O pins share the same bus. 


To gain the most benefit it is recommended that CE be 
decoded from the address bus and be used as the 
primary device selection input. Both OE and WE would 
then be common among all devices in the array. For a 
read operation this assures that all deselected devices 
are in their standby mode and that only the selected 
device(s) is outputting data on the bus. 


Because the XM28C020 hastwo power modes, standby 
and active, proper decoupling of the memory array is of 


prime concern. Enabling CE will cause transient current 
spikes. The magnitude of these spikes is dependent on 
the output capacitive loading of the I/Os. Therefore, the 
larger the array sharing a common bus, the larger the 
transient spikes. The voltage peaks associated with the 
current transients can be suppressed by the proper 
selection and placement of decoupling capacitors. As a 
minimum, it is recommended that a O.1IlF high fre- 
quency ceramic capacitor be used between Vcc and 
Vss at each device. Depending on the size of the array, 
the value of the capacitor may have to be larger. 


In addition, it is recommended that a 4.71lF electrolytic 
bulk capacitor be place between Vcc and Vss for every 
two modules employed in the array. This bulk capacitor 
is employed to overcome the voltage droop caused by 
the inductive effects of the PC board traces. 
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ABSOLUTE MAXIMUM RATINGS· 
Temperiiture 
under 
Bias 
-6SoC 
to +13SoC 
Storage 
Temperature 
-6SoC 
to +1S0°C 


Voltage 
on any Pin with 
Respect 
to Vss 
-1 V to +7V 


D.C. Output 
Current 
SmA 


Lead Temperature 


(Soldering, 
10 seconds) 
300°C 


·COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 


indicated in the operational 
sections of this specification 
is 


not implied. Exposure to absolute 
maximum 
rating condi- 


tions for extended 
periods may affect device reliability. 


D.C. OPERATING CHARACTERISTICS 
XM28C020 
T A = O°C to +70°C, Vee = +SV ±1 0%, unless 
otherwise 
specified. 


XM28C0201 
TA = -40°C 
to +8SoC, Vee = +SV ±10%, 
unless otherwise 
specified. 
XM28C020M 
TA = -SsoC 
to + 12SoC, Vee = +SV ±1 0%, unless 
otherwise 
specified. 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Ice 
Vee Current 
(Active) 
100 
mA 
CE = OE = VIL, WE = VIH, 
(TTL Inputs) 
All 110's = Open, 
1 Device Active 


Address 
Inputs = TTL Levels 


@ f= SMHz 


IS61 
Vee Current 
(Standby) 
2S 
mA 
CE = VIH, OE = VIL 
(TTL Inputs) 
All 1I0's = Open, Other Inputs = VIH 


IS62 
Vee Current 
(Standby) 
S 
mA 
CE = VIH, OE = VIL 
(CMOS 
Inputs) 
AIIIIO's 
= Open, Other Inputs = Vee 


III 
Input Leakage 
Current 
20 
IlA 
VIN = Vss to Vee 


ILO 
Output 
Leakage 
Current 
20 
IlA 
VOUT = Vss to Vee, CE = VIH 


VIL 
Input LOW Voltage 
-1 
0.8 
V 


VIH 
Input HIGH Voltage 
2 
Vee + 1 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
10L= 2.1mA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
10H= -400J.1A 


Symbol 
Parameter 
Typ'(1) 
Units 


tpUR(2) 
Power-up 
to Initiation 
of Read Operation 
100 
Ils 


tpUW(2) 
Power-up 
to Initiation 
of Write Operation 
S 
ms 


Symbol 
Parameter 
Max. 
Units 
Test Conditions 


CI/0(2) 
InpuVOutput 
Capacitance 
SO 
pF 
VI/o= 
OV 
CIN(2) 
Input Capacitance 
SO 
pF 
VIN= OV 


Notes: 
(1) Typical values are for TA = 25°C and nominal supply voltage. 
(2) This parameter 
is periodically sampled and not 100% tested. 


Input Pulse Levels 
OV to 3V 


Input Rise and 
Fall Times 
10ns 


Input and Output 
Timing 
Levels 
1.5V 


Output 
Load 
1 TTL Gate and 
CL = 100pF 


CE 
OE 
WE 
Mode 
I/O 
Power 


L 
L 
H 
Read 
Dour 
Active 


L 
H 
L 
Write 
DIN 
Active 


H 
X 
X 
Standby 
and Write 
Inhibit 
HighZ 
Standby 


X 
L 
X 
Write 
Inhibit 
- 
- 


X 
X 
H 
Write 
Inhibit 
- 
- 


A.C. CHARACTERISTICS 
XM2SC020 
TA = O°C to +75°C, 
Vcc = +5V ±10%, 
unless otherwise 
specified. 
XM2SC0201 
TA = -40°C 
to +S5°C, VCC = +5V ±1 0%, unless otherwise 
specified. 


XM2SC020M 
TA = -55°C 
to + 125°C, 
VCC = +5V ±1 0%, unless otherwise 
specified. 


Read Cycle Limits 


XM28C020-20 
XM28C020-25 
XM28C020 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tRC 
Read Cycle Time 
200 
250 
300 
ns 


teE 
Chip Enable 
Access 
Time 
200 
250 
300 
ns 


tAA 
Address 
Access 
Time 
200 
250 
300 
ns 


tOE 
Output 
Enable 
Access 
Time 
SO 
100 
100 
ns 
tLZ(3) 
CE Low to Active 
Output 
0 
0 
0 
ns 


tOLZ(3) 
OE Low to Active 
Output 
0 
0 
0 
ns 


tHZ(4) 
CE High to High Z Output 
100 
100 
100 
ns 


tOHZ(4) OE High to High Z Output 
100 
100 
100 
ns 


tOH 
Output 
Hold From Address 
Change 
0 
0 
0 
ns 


Note: 
(3) tLZandtOLZare shownfor referenceonly,theyare periodicallycharacterizedand are not 100% tested. 
(4) tHZandto HZare measuredfromthe pointwhenCE or OE returnhigh (whicheveroccursfirst)to the time whenthe outputsare 


no longerdriven. 


WE Controlled Write 
CE Controlled Write (4) 
Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Units 


twc 
Write 
Cycle Time 
10 
10 
ms 


tAS 
Address 
Setup Time 
0 
0 
ns 


tAH 
Address 
Hold Time 
125 
125 
ns 


tcs 
Write Setup Time 
25 
0 
ns 


tCH 
Write 
Hold Time 
0 
25 
ns 


tew 
CE Pulse Width 
125 
100 
ns 


tOES 
OE High Setup Time 
10 
10 
ns 


tOEH 
OE High Hold Time 
10 
35 
ns 


twP 
WE Pulse Width 
100 
125 
ns 


tWPH 
WE High Recovery 
100 
100 
ns 


tDV 
Data Valid 
1 
1 
~s 


tDS 
Data Setup 
50 
50 
ns 


tDH 
Data Hold 
10 
35 
ns 


tDW 
Delay to Next Write 
10 
10 
~s 


tSlC 
Byte Load Cycle 
0.3 
100 
0.3 
100 
~s 


~XXXXXX'/}- 
-' 
DATAVALID 


tDS 


DATAOUT 
XXXXXXXX)--------H-IGH-Z---------- 


Note: 
(4) 
Dueto the inclusionof the decoderICon boardthe modulethe WE and CE writecontrolledtimingswill vary. When utilizingthe 
CE controlledwrite operationall the holdtimingsmustbe extendedbythe worstcase propagationdelayof the decoder.Fora 
WE controlledwrite operationCE mustbe a minimum125nsto accommodatethe additionalsetuptime required. 


~\\\V 
) 
llll/\ 


IDS 


HIGHZ 


lXIXtlXXN 


III 


111111 
j/ 
wr 


!771A !771A OJfA !771A !771A tli 


I/O XXXXXX~ 
__ 
X 


BYTE a 
BYTE 1 


XM28C020 


_An _'tlllJ.-~A_n 
~YJ1fJ;;<__ 
An~YXt!XlX 


~ 


tDW 


DOUT=X 
)_( 
.~ 
~UT=X) 
twc 


ORDERING 
INFORMATION 


2 MEGABIT 
E2 MODULES 


XM28C020 


DeVice~ 


-x 


~ 
Access Time 
20 = 200ns 
25 = 250ns 
Blank = 300ns 


Temperature Range 
Blank = O°C to +70°C 
I = -40°C 
to +85°C 
M = -55°C 
to + 125°C 
MHR = -55°C 
to + 125°C 
(High ReI. Processing) 


-- 


LIMITED WARRANTY 


Devices 
sold by Xicor, 
Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms of Sale only_ Xicor, 
Inc. makes no warranty, 


express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent 
infringement. 
Xicor, Inc. makes no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, Inc. reS8lV8S the right to discontinue 
production 
and change 
specifications 
and 
prices at any time and without 
notice. 


Xicor, Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4,263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 


4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 967; 4,883, 
976. Foreign 
patents and 
additional 
patents 
pending. 


LIFE RELATED 
POLICY 


In situations 
where 
semiconductor 
component 
failure may endanger 
life, system designers 
using this product should design the system 
with appropriate 
error 
detection 
and correction, 
redundancy 
and back·up 
features 
to prevent such an occurence. 


Xicor's products 
are not authorized 
for use in critical components 
in life support 
devices or systems. 
,. 
Life support 
devices 
or systems 
are devices 
or systems 
which, (a) are intended 
for surgical 
implant 
into the body, or (b) support 
or sustain 
life, and whose 
failure to perfonn, 
when properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 


injury to the user. 
2. A critical component 
is any component 
of a life support device or system whose failure to perform 
can be reasonably 
expected 
to cause the failure 
of the life 
support 
device 
or system, 
or to affect its safety or effectiveness. 


FEATURES 


• High Speed, High Density Memory Module 
-200ns, 
150ns, 120ns Access Times 
Available 
-2 
Megabit Memory in 1 square inch. 


• Flexible Multiplane Architecture 
-Four 
Separate Chip Selects 
-32 
Separate I/Os 
• User Configurable 1I0s-x8, 
x16, or x32 


• User Configurable Page Size-64 
Double- 
words, 128 Words, or 256 Bytes 
-Concurrent 
ReadlWrite Operations 


• Able to Continue Reading During a 
Nonvolatile Write Cycle. 
-5 
Volt Byte or Page Alterable 
• No Erase Before Write 


• Software Data Protection 
• E••rly End of Write Polling 
-DATA 
Polling 
- Toggle Bit Polling 


• High Reliability 
-Endurance: 
100,000Cycles 
-Data 
Retention: 100Years 


DESCRIPTION 


The XM28C020P is a high speed, high density CMOS 
byte alterable nonvolatile memory array constructed on 
a co-fired ceramic substrate using Xicor's high speed 
X28C513 components in 32-pad leadless chip carriers. 
The substrate is a 66-pin ceramic pin grid array. 


The module is configured with four separate chip 
enable and write enable inputs and 32 separate I/Os. 
This, along with the small footprint, provides the end 
user with a large degree of flexibility in board layout and 
memory configuration. In addition, with the large num- 
ber of pins and the growth path being implemented, the 
module will be able to grow to 16 megabits. 
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X28C513 
X28C513 
X28C513 
X28C513 


~ 
< 


~ 
"--- 


;------ 


I---- 
- 


0 0 0 
0 0 0 
1/08 
WE2 
1/015 
1/024 
VCC 
1/031 
0 0 0 
0 0 0 


1/09 
CE2 
1/014 
1/025 
CE4 
1/030 
0 0 0 
0 0 0 
1/010 
GND 
1/013 
1/026 
WE4 
1/029 
0 0 0 
0 0 0 
A13 
1/011 
1/012 
A6 
11027 1/028 
0 0 0 
0 0 0 
A14 
A10 
OE 
A7 
A3 
AO 
0 0 0 
0 0 0 
NC 
A11 
NC 
A15 
A4 
A1 
0 0 0 
0 0 0 
NC 
A12 
WE1 
A8 
A5 
A2 
0 0 0 
0 0 0 
NC 
VCC 
1/07 
A9 
WE3 
1/023 
0 0 0 
0 0 0 


1/00 
CE1 
1/06 
1/016 
CE3 
1/022 
0 0 0 
0 0 0 


1/01 
NC 
1/05 
1/017 
GND 
1/021 
0 0 0 
0 0 0 


1/02 
1/03 
1104 
1/018 
1/019 
1/020 


I" 
1.09+1-.010 SO 
"I 


L~~'" 


.- 
.180 
.050 TYP 
----.t 


PIN#1 
IDENTIFIER 
(NOT CHAMFERED) 


.100 TYP 


r· 320 MAXrr- 
--j050 
----.t 
----..018 


XM28C020P 
X 
-xT_ 
Access 
Time 
12 = 120ns 
15 = 150ns 
20 = 200ns 
25 = 250ns 


Temperature 
Range 
Blank = Commercial = O°Cto +70°C 
I = Industrial = -40°C to +85°C 
M = Military = -55°C to +125°C 
MHR = Military High Rei 


LIMITED WARRANTY 


Devices 
sold by Xicor, 
Inc. are 
covered 
by the warranty 
and patent 
indemnification 
provisions 
appearing 
in its Terms 
of Sale 
only. Xicor, 
Inc. makes 
no warranty, 
express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein 
or regarding 
the freedom 
of the described 
devices 
from patent 
infringement. 


Xicor, 
Inc. makes 
no warranty 
of merchantability 
or fitness 
for any 
purpose. 
Xicor, 
Inc. 
reserves 
the 
right to discontinue 
production 
and 
change 
specifications 
and 
prices 
at any time and without 
notice. 


Xicor, Inc. assumes 
no responsibility 
for the use of any circuitry other than circuitry embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are implied. 


U.S. PATENTS 


Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4,263,664; 
4,2.74,012; 4.300,212; 
4,314,265; 
4,326,134; 
4.393,481; 
4,404,475; 
4,450,402; 


4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 967; 4,883,976. 
Foreign 
patents 
and additional 
pat- 
ents pending. 


LIFE RELATED POLICY 


In situations 
where 
semiconductor 
component 
failure 
may endanger 
life, system 
designers 
using this product 
should design 
the system 
with appropriate 
error detec- 
tion and correction, 
redundancy 
and back-Up 
features 
to prevent 
such an occurrence. 


Xicor's 
products 
are not authorized 
for use in critical components 
in life support devices 
or systems 
1. 
Life support 
devices 
or systems 
are devices 
or systems 
which, 
(a) are intended 
for surgical 
impiant 
into the body, or (b) support 
or sustain 
life, and whose fail- 
ure to perform, 
when properly 
used In accordance 
with instructions 
tor use provided 
in the labeling, 
can be reasonably 
expected 
to result in a signlticant 
injury to the 
user. 


icor 
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TYPICAL FEATURES 


• High Density 4 Megabit (512K x 8) Module 
• Access Time of 200ns at -55°C to +125°C 
• Base Memory Component: Xicor X28C010 
• Pinout Conforms to JEDEC Standard for 
4 Megabit E2pROM 
• Fast Write Cycle Times 
-256 
Byte Page Write 
• Early End of Write Detection 
-DATA 
Polling 
-Toggle 
Bit Polling 
• Software Data Protection 
• Three Temperature Ranges 
-Commercial: 
O°Cto +75°C 
-Industrial: 
-40° to +85°C 
-Military: 
-55° to +125°C 
• High Rei Modules all Components are MIL-STD- 
883 Compliant 


DESCRIPTION 


The XM28C040 is a high density 4 Megabit E2PROM 
comprised of four X28C010's mounted on a co-fired 
multilayered ceramic substrate. Individual components 
are 100% tested prior to assembly in module form and 
then 100% tested after assembly. 


The XM28C040 is configured 512K x 8 bit. The module 
supports a 256-byte page write operation. This com- 
bined with DATA Polling orToggle Bit Polling, effectively 
provides a 391ls/byte write cycle, enabling the entire 
array to be rewritten in 10 seconds. 


The XM28C040 provides the same high endurance and 
data retention as the X28C01 O. 
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1/°0-1/°7 


OE 


WE 
CE 


X28C010 
AO-A16 


1/°0-1/°7 


X28C010 
AO-A16 


1/°0-1/°7 


OE 


WE 


CE 


X28C010 
AO-A16 


1/°0-1/°7 


PIN DESCRIPTIONS 


Addresses (Ao-A18) 


The 
Address 
inputs 
select 
an 8·bit 
memory 
location 
during 
a read or write operation. 


Chip Enable (CE) 


The Chip Enable 
input must be LOW to enable 
all read/ 
write operations. 
When CE is HIGH. power consumption 


is reduced 
(see Note 4). 


Output Enable (OE) 


The Output 
Enable input controls 
the data output buffers 


and is used to initiate 
read operations. 


Data In/Data Out (1/00-1/07) 


Data is written 
to or read from the XM28C040 
through 


the I/O pins. 


Write Enable (WE) 


The Write Enable input controls 
the writing of data to the 


XM28C040. 


PIN CONFIGURATION 


A18 
vcc 
A16 
WE 


A15 
30 
A17 
A12 
29 
A14 
A7 
5 
28 
A13 
A6 
6 
27 
A8 
A5 
7 
26 
A9 
A4 
8 XM28C040 
25 
All 
A3 
9 
24 
OE 


A2 
10 
23 
AlO 
A1 
11 
22 
CE 


Ao 
12 
21 
1/°7 


1/°0 
13 
20 
1/°6 


1/°1 
14 
19 
1/°5 


1/°2 
15 
18 
1/04 
Vss 
16 
17 
1/°3 


3873 
FHD 
F02 


PIN NAMES 


Symbol 
Description 


Ao-A18 
Address 
Inputs 
1/00-1/08 
Data InpuUOutput 


WE 
Write 
Enable 


CE 
Chip Enable 


OE 
Output 
Enable 


Vcc 
+5V 


Vss 
Ground 


NC 
No Connect 


DEVICE OPERATION 


Read 


Read operations 
are initiated 
by both OE and CE LOW. 
The 
read operation 
is terminated 
by either 
CE or OE 


returning 
HIGH. 
This 
2-line 
control 
architecture 
elimi- 


nates bus contention 
in a system environment. 
The data 


bus will be in a high impedance 
state when either OE or 


CE is HIGH. 


Write 


Write operations 
are initiated when both CE and WE are 


LOW and OE is HIGH. The XM28C040 
supports 
both a 


CE and WE controlled 
write cycle. That is, the address 


is latched 
by the 
falling 
edge 
of either 
CE 
or WE, 
whichever 
occurs 
last. 
Similarly, 
the 
data 
is latched 


internally 
by the rising edge of either CE or WE, which- 


ever occurs 
first. A byte write operation, 
once initiated, 
will automatically 
continue 
to completion, 
typically within 


5ms (see Note 4). 


Page Write Operation 


The 
page 
write 
feature 
of the XM28C040 
allows 
the 


entire 
memory 
to be written 
in 10 seconds. 
Page write 


allows 
two 
to 256 
bytes 
of data 
to be consecutively 


written to the XM28C040 
prior to the commencement 
of 


the internal 
programming 
cycle. The host can fetch data 


from 
another 
device 
within 
the system 
during 
a page 


write 
operation 
(change 
the source 
address), 
but the 


page 
address 
(As through 
A1s) for each 
subsequent 


valid write cycle to the part during this operation 
must be 


the same as the initial page address. 


The page write 
mode can be initiated 
during 
any write 


operation. 
Following 
the initial byte write cycle, the host 


can write 
an additional 
one to 255 bytes 
in the same 


manner 
as the first byte was written. 
Each successive 


byte 
load 
cycle, 
started 
by the 
WE 
HIGH 
to 
LOW 


transition, 
must begin within 1OOIlSof the falling edge of 


the preceding 
WE. 
If a subsequent 
WE HIGH to LOW 


transition 
is not 
detected 
within 
100llS, 
the 
internal 


automatic 
programming 
cycle will commence. 
There 
is 


no page 
write 
window 
limitation. 
Effectively 
the page 


write 
window 
is infinitely 
wide, 
so long 
as the 
host 


continues 
to access the device within the byte load cycle 


time of 100IlS. 


Write Operation Status Bits 


The XM28C040 
provides 
the user two write 
operation 


status 
bits. These 
can be used 
to optimize 
a system 


write cycle time. The status 
bits are mapped 
onto the 


I/O bus as shown 
in Figure 
1. 


DATA Polling (1/07) 
Figure 1. Status Bit Assignment 


RESERVED 


~----TOGGlE 
BIT 


------DATA 
POLLING 


The XM28C040 
features 
DATA Polling 
as a method 
to 


indicate 
to the host system 
that the byte write or page 


write cycle has completed. 
DATA Polling allows a simple 


bit 
test 
operation 
to 
determine 
the 
status 
of 
the III 
XM28C040, 
eliminating 
additional 
interrupt 
inputs 
or 
I 


external 
hardware. 
During 
the 
internal 
programming 


cycle, 
any 
attempt 
to 
read 
the 
last 
byte 
written 
will 


produce 
the complement 
of that data on 1/07 (i.e., write 


data = OXXXxxxx, 
read 
data = 1xxx 
xxxx). 
Once 
the 


programming 
cycle 
is complete, 
1/07 will 
reflect 
true 


data. Note: If the XM28C040 
is in the protected 
state and 


an illegal write operation 
is attempted, 
DATA Polling will 


not operate. 


Toggle Bit (1/06) 


The XM28C040 
also provides 
another 
method for deter- 


mining when the internal write cycle is complete. 
During 


the internal 
programming 
cycle 1/06 will toggle 
from "1" 


to "0" and "0" to "1" on subsequent 
attempts 
to read the 


last byte written. When the internal cycle is complete 
the 


toggling 
will cease and the device will be accessible 
for 


additional 
read or write operations. 


DATA POLLING 1/07 
Figure 2. DATA Polling Bus Sequence 


LAST 


WE~ 


DATA Polling can effectively halve the time for writing to 
the XM28C040. The timing diagram in Figure 2 illus- 
trates the sequence of events on the bus. The software 
flow diagram in Figure 3 illustrates one method of 
implementing the routine. 


THE TOGGLE 
BIT 1/06 


Figure 4. Toggle Bit Bus Sequence 


LAST 


WE 
~ 


The Toggle Bitcan eliminate the software housekeeping 
chore of saving and fetching the last address and data 
written to a device in order to implement DATA Polling. 
This can be especially helpful in an array comprised of 
multiple XM28C040 memories that is frequently up- 
dated. The timing diagram in Figure 4 illustrates the 
sequence of events on the bus. The software flow 
diagram in Figure 5 illustrates a method for testing the 
Toggle Bit. 
III 


COMPARE 


ACCUM WITH 
ADDR n 


HARDWARE DATA PROTECTION 


The XM28C040 provides three hardware features that 
protect nonvolatile data from inadvertent writes. 


• Noise Protection-A 
WE pulse less than 1Onswill not 
initiate a write cycle. 


• Default Vcc Sense-All 
functions are inhibited when 


Vcc is ~ 3V. 


• Write Inhibit-Holding 
OE LOW will prevent an inad- 


vertent write cycle during power-up and power-down. 


SOFTWARE DATA PROTECTION 


The XM28C040 does provide the Software Data Protec- 
tion (SDP) feature. 


The module is shipped from Xicor with the Software 
Data Protection NOT ENABLED; that is, the module will 
be in the standard operating mode. In this mode, data 
should be protected during power-up/-down operations 
through the use of external circuits. The host system will 
then have open read and write access of the module 
once Vcc is stable. 


The modulecan beautomatically protectedduring power- 
up/-down without the need for external circuits by em- 
ploying the SDP feature. The internal SDP circuit is 
enabled after the first write operation utilizing the SDP 
command sequence. 


When this feature is employed, it will be easiest to 
incorporate in the system software if the module is 
viewed as a subsystem composed of four discrete 
memory devices with an address decoder (see Func- 
tional Diagram). In this manner, system memory map- 
ping will extend onto the module. That is, the discrete 


memory ICsand decoder should beconsidered memory 
board components and SDP can be implemented at the 
component level as described in the next section. 


SOFTWARE COMMAND SEQUENCE 


A17 and A18 are used by the decoder to select one of the 
four LCCs. Therefore, only one of the four memory 
devices can be accessed at one time. In order to protect 
the entire module, the command sequence must be 
issued separately to each device. 


Enabling the software data protection mode requires the 
host system to issue a series of three write operations: 
each write operation must conform to the data and 
address sequence 
illustrated 
in Figures 
6 and 7. 


Because this involves writing to a nonvolatile bit, the 
device will become protected after twc has elapsed. 
After this point in time devices will inhibit inadvertent 
write operations. 


Once in the protected mode, authorized writes may be 
performed by issuing the same command sequence that 
enables SDP, immediately followed bythe address/data 
combination desired. The command sequence opens 
the page write window enabling the host to write from 
one to 256 bytes of data. Once the data has been written 
the device will automatically be returned to the protected 
state. 


Inorderto facilitate testing of the devices the SDP mode 
can be deactivated. This is accomplished by issuing a 
series of six write operations: each write operation must 
conform to the data and address sequence illustrated in 
Figures 8 and 9. This is a nonvolatile operation, and the 
host will have to wait a minimum twc before attempting 
to write new data. 


SOFTWARE DATA PROTECTION 
Figure 6. Timing Sequence-Byte 
or Page Write 


VCC 
ov 


Figure 7. Write Sequence for 
Software Data Protection 


WRITE DATAAA 
TOADDRESS 
5555 


WRITE DATAAO 
TO ADDRESS 


5555 


WRITE DATA XX 


TO ANY 


ADDRESS 


• 
WRITE 
LAST 
BYTE TO 
LAST ADDRESS 
l 


AFTERtwC 
RE-ENTERS 
DATA 
PROTECTED 
STATE 


BYTE 
OR 
PAGE 


Regardless of whether the device has previously been 
protected or not, once the software data protected 
algorithm is used and data has been written, the device 
will automatically disable further writes unless another 
command is issued to cancel it. If no further commands 
are issued the device will be write protected during 
power-down and after any subsequent power-up. 


RESETTING 
SOFTWARE 
DATA 
PROTECTION 
Figure 
8. Reset 
Software 
Data Protection 
Timing 
Sequence 


VCC -1') 


DATA 
AA 
55 
80 
AA 
55 
ADDR. 
5555 
2AAA 
5555 
5555 
2AAA 
AO-A16 


CE J 


WE 
(=t 
) 


STANDARD 


2:twc 
OPERATING 
MODE 
( 
) 


Figure 
9. Software 
Sequence 
to Deactivate 


Software 
Data Protection 


WRITE DATAAA 
TO ADDRESS 
5555 
l 


WRITE 
DATA 55 
TO ADDRESS 
2AAA 
l 


WRITE DATA 80 
TO ADDRESS 
5555 
l 


WRITE DATAAA 
TO ADDRESS 
5555 


l 


WRITE 
DATA 55 
TO ADDRESS 
2AAA 
l 


WRITE 
DATA 20 
TO ADDRESS 
5555 


In the event the user wants 
to deactivate 
the software 


data protection 
feature 
for testing 
or reprogramming 
in 


an E2PROM 
programmer, 
the following 
six step algo- 


rithm will reset the internal 
protection 
circuit. 
After twe, 


the device will be in standard 
operating 
mode. 


SYMBOL 
TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 


Must be 
Will be 


steady 
steady 
JlT 


May change 
Will change 


from LOW 
from LOW 
to HIGH 
to HIGH 


~ 


May change 
Will change 


from HIGH 
from HIGH 
to LOW 
to LOW 


XXXX 


Don't Care: 
Changing: 


Changes 
State Not 
Allowed 
Known 
H 


N/A 
Center Line 
is High 
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Because the XM28C040 is frequently used in large 
memory arrays it is provided with a two line control 
architecture for both read and write operations. Proper 
usage can provide the lowest possible power dissipation 
and eliminate the possibility of contention where mul- 
tiple 110 pins share the same bus. 


To gain the most benefit it is recommended that CE be 
decoded from the address bus and be used as the 
primary device selection input. Both DE and WE would 
then be common among all devices in the array. For a 
read operation this assures that all deselected devices 
are in their standby mode and that only the selected 
device(s) is outputting data on the bus. 


Because the XM28C040 hastwo power modes, standby 
and active, proper decoupling of the memory array is of 


prime concern. Enabling CE will cause transient current 
spikes. The magnitude of these spikes is dependent on 
the output capacitive loading of the liDs. Therefore, the 
larger the array sharing a common bus, the larger the 
transient spikes. The voltage peaks associated with the 
current transients can be suppressed by the proper 
selection and placement of decoupling capacitors. As a 
minimum, it is recommended that a O.1IlF high fre- 
quency ceramic capacitor be used between Vcc and 
Vss at each device. Depending on the size of the array, 
the value of the capacitor may have to be larger. 


In addition, it is recommended that a 4.71lF electrolytic 
bulk capacitor be place between Vcc and Vss for every 
two modules employed in the array. This bulk capacitor 
is employed to overcome the voltage droop caused by 
the inductive effects of the PC board traces . 
• 


ABSOLUTE 
MAXIMUM 
RATINGS* 


Temperature 
under 
Bias 
-6SoC 
to +13SoC 


Storage 
Temperature 
-6SoC 
to +1S0°C 


Voltage 
on any Pin with 
Respect 
to Vss 
-1 V to +7V 


D.C. Output 
Current 
SmA 


Lead Temperature 


(Soldering, 
10 seconds) 
300°C 


*COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 


Ratings" 
may cause 
permanent 
damage 
to the device. 


This is a stress rating only and the functional 
operation 
of 


the device at these or any other conditions 
above those 


indicated in the operational 
sections of this specification 
is 


not implied. Exposure to absolute 
maximum 
rating condi- 
tions for extended 
periods 
may affect device reliability. 


D.C. OPERATING 
CHARACTERISTICS 


XM28C040 
T A = O°C to +70°C, V ce = +SV ±10%, 
unless otherwise 
specified. 


XM28C0401 
TA = -40°C 
to +8SoC, Vee = +SV ±10%, 
unless 
otherwise 
specified. 


XM28C040M 
TA = -SsoC 
to +12SoC, Vee = +SV ±10%, 
unless otherwise 
specified. 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test 
Conditions 


Ice 
Vee Current 
(Active) 
80 
mA 
CE = OE = VIL, WE = VIH, 
(TIL 
Inputs) 
All I/O's = Open, 
1 Device Active 


Address 
Inputs = TIL 
Levels 


@ f= SMHz 


ISB 
Vee Current 
(Standby) 
S 
mA 
CE, A17, A18 = Vee -o.3V 
All other inputs = VIH 
All I/Os = OPEN 


III 
Input Leakage 
Current 
10 
IlA 
VIN = Vss to Vee 


ILO 
Output 
Leakage 
Current 
10 
IlA 
VOUT = Vss to Vee, CE = VIH 


VIL 
Input LOW Voltage 
-1 
0.8 
V 


VIH 
Input HIGH Voltage 
2 
Vee + 1 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL= 2.1mA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH= -4OOIlA 


Symbol 
Parameter 
Typ.(1) 
Units 


tpUR(2) 
Power-up 
to Initiation 
of Read Operation 
100 
ms 
tpuw(2) 
Power-up 
to Initiation 
of Write Operation 
S 
ms 


Symbol 
Parameter 
Max. 
Units 
Test 
Conditions 


CI/O(2) 
Input/Output 
Capacitance 
SO 
pF 
VI/O = OV 
CIN(2) 
Input Capacitance 
SO 
pF 
VIN= OV 


Notes: 
(1) Typical values are for TA = 25°C and nominal supply voltage. 
(2) This parameter 
is periodically sampled and not 100% tested. 


Input Pulse Levels 
OV to 3V 


Input Rise and 
Fall Times 
10ns 


Input and Output 
Timing 
Levels 
1.5V 


Output 
Load 
1 TTL Gate and 
CL = 100pF 


CE 
OE 
WE 
Mode 
I/O 
Power 


L 
L 
H 
Read 
DOUT 
Active 


L 
H 
L 
Write 
DIN 
Active 


H 
X 
X 
Standby 
and Write 
Inhibit 
HighZ 
Standby 


X 
L 
X 
Write Inhibit 
- 
- 


X 
X 
H 
Write Inhibit 
- 
- 


A.C. CHARACTERISTICS 
XM28C040 
TA = O°C to +75°C, 
Vcc = +5V ±10%, 
unless otherwise 
specified. 


XM28C0401 
TA = -40°C 
to +85°C, 
Vcc = +5V ±1 0%, unless otherwise 
specified. 


XM28C040M 
TA = -55°C 
to + 125°C, 
Vcc = +5V ±1 0%, unless otherwise 
specified. 
Read Cycle Limits 


XM28C040-20 
XM28C040-25 
XM28C040 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Units 


tRC 
Read Cycle Time 
200 
250 
300 
ns 


tCE 
Chip Enable 
Access 
Time 
200 
250 
300 
ns 


tAA 
Address 
Access 
Time 
200 
250 
300 
ns 


tOe 
Output 
Enable 
Access 
Time 
80 
100 
100 
ns 


tLZ(4) 
CE Low to Active 
Output 
0 
0 
0 
ns 


tOLZ(4) 
OE Low to Active 
Output 
0 
0 
0 
ns 


tHZ(4) 
CE High to High Z Output 
100 
100 
100 
ns 


tOHZ(4) OE High to High Z Output 
100 
100 
100 
ns 


tOH 
Output 
Hold From Address 
Change 
0 
0 
0 
ns 


Note: 
(3) 
tHZandtOHZare measuredfromthe pointwhenCE or OE returnhigh (whicheveroccursfirst) to the time whenthe outputsare 
no longerdriven. 


• 


WE Controlled 
Write 
CE Controlled 
Write 
(4) 


Symbol 
Parameter 
Min. 
Max. 
Min. 
Max. 
Units 


twc 
Write Cycle Time 
10 
10 
ms 
tAS 
Address Setup Time 
0 
0 
ns 


tAH 
Address Hold Time 
125 
125 
ns 
les 
Write Setup Time 
25 
0 
ns 
leH 
Write Hold Time 
0 
25 
ns 
tcw 
CE Pulse Width 
125 
100 
ns 


tOES 
OE High Setup Time 
10 
10 
ns 
tOEH 
OE High Hold Time 
10 
35 
ns 
twP 
WE Pulse Width 
100 
125 
ns 


tWPH 
WE High Recovery 
100 
100 
ns 


tDV 
Data Valid 
1 
1 
Ils 
tDS 
Data Setup 
50 
50 
ns 
tDH 
Data Hold 
10 
35 
ns 
tDw 
Delay to Next Write 
10 
10 
Ils 
tSLC 
Byte Load Cycle 
0.3 
100 
0.3 
100 
Ils 


DATAVALID 


tDS 


DATAOUT XXXXXXXX)---------H-IG-H-Z---------- 


Note: 
(4) 
Due to the inclusion of the decoder IC on board the module the WE and CE write controlled timings will vary. When utilizing the 
CE controlled write operation all the hold timings must be extended by the worst case propagation delay of the decoder. For a 
WE controlled write operation CE must be a minimum 125ns to accommodate 
the additional setup time required. 


FllllA 
-' 
KJ:JJYxxxx> 


.J 


IDS 


HIGHZ 


IIIIII 
if 
wr 


!117A !117A II]]ZA !117A !117A m 


~X_~X_~X_----I 


I/O xxxxxxXX==X~~X_~ 


BYTE 0 


XM28C040 


MultiPlane 
Architecture 


The design 
of the XM28C040 
has implemented 
a mul- 


tiplane 
architecture. 
That is, there are four independent 


128K x 8 memory 
spaces or planes, each selected 
by its 


own chip enable 
input via the on-board 
decoder 
chip. 
This architecture 
can be utilized 
in a number 
of ways. 


Separate 
Data and Program 
Memory 
Spaces 


The multiplane 
concept 
allows the system to write to one 


plane of the module 
and still be able to read (continue 


executing 
code) from the module, 
utilizing any plane not 
performing 
a write operation. 


This concept 
of separate 
data and program 
spaces can 


be expanded 
by providing 
a simple 
off-module 
circuit 


that 
will 
disable 
writes 
to predetermined 
portions 
of 


memory. 
A very basic version 
is shown in the Functional 


Diagram. 
Whenever 
A18 is HIGH, the WE input is forced 


HIGH, 
write 
protecting 
one half the module. 
This 
half 


would be reserved 
for read only program 
store while the 


other 
half would 
be available 
for read 
and write 
data 


store. 


Expanded 
Sequential 
Page Lengths 


A standard 
system 
implementation 
would 
be decoding 


externally 
the 
module's 
chip 
enable 
and 
then 
wiring 


each 
address 
of the module 
to its corresponding 
ad- 


dress line in the system. 
This would 
effectively 
provide 


the system a memory organized 
as four separate 
memory 


planes 
with a sequential 
page 
address 
space 
of 256 


bytes. 


In an application 
such as data logging, 
the most efficient 


method 
of logging the data is in a sequential 
manner. 
If 


the data come in bursts that exceed 
256 bytes in length 
a longer page might be desirable. 
By swapping 
address 


lines 
externally 
the effective 
page 
length 
can 
be ex- 
panded 
to 1024 bytes. 
Refer 
to the table 
below 
for a 


matrix 
illustrating 
the various 
page length 
options. 


Module 
Address 
Inputs 
Effective 
Ao-A7 
As-A16 
A17 
A1S 
Page Size 
No. of 
Planes 


System 
AO-A7 
A8-A16 
A17 
A18 
256 
4 
Address 
AO-A7 
A9-A17 
A8 
A18 
512 
2 
Lines 
AO-A7 
A10-A18 
A8 
A9 
1024 
1 
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Note: 
The user should be aware the overall Icc of the module will increase as more individual components 
on the module are activated. 


ORDERING 
INFORMATION 


XM28C040: 
512K 
X 8 CMOS 
E2pROM 
Module 


XM28C040 
----=r- 


-XT_ 
Access 
Time 
-20 = 200ns 
-25 
= 250ns 
Blank = 300ns 


Temperature 
Range 
Blank = Commercial 
= O°C to +70°C 


I = Industrial = -40°C 
to +85°C 
M = Military = -55°C 
to + 125°C 


MHR = Military 
High Rei 


LIMITED WARRANTY 


Devices 
sold by Xicor, 
Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms of Sale only. Xicor, Inc. makes no warranty, 


express, 
statutory, 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent 
infringement. 


Xicor, Inc. makes no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 


prices at any time and without 
notice. 


Xicor, Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents. 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4,263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 


4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 967; 4,883, 
976. Foreign 
patents 
and 


additional 
patents 
pending. 


LIFE RELATED 
POLICY 
In situations 
where semiconductor 
component 
failure 
may endanger 
life, system designers 
using this product should design the system 
with appropriate 
error 


detection 
and correction, 
redundancy 
and back-up 
features 
to prevent such an occurence. 


Xicor's products 
are not authorized 
for use in critical components 
in life support devices 
or systems. 


1. Life support 
devices 
or systems 
are devices 
or systems 
which, (a) are intended 
for surgical 
implant 
into the body, or (b) support or sustain 
life, and whose 


failure to perform, 
when properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 


injury to the user. 


2. A critical component 
is any component 
of a life support device or system 
whose failure to perform 
can be reasonably 
expected 
to cause the failure 
of the life 


support 
device 
or system, 
or to affect its safety or effectiveness. 
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PASS™ E2 Secures Access to 
Embedded Systems Data 
T 


he X76041 PASS E2 (Password 
Access Security Super- 
visor) uses three separate 
64 bit 
passwords 
to provide 
ultra high level security 
to four 1024 bit nonvolatile 
data arrays. 


This device can be used to make system data virtually 
tamper proof 


without 
the need for data encryption 
or decryption. 
Access to the 
E2pROM array is protected 
by three hierarchical 
passwords 
which 
include 
a configuration 
password, 
a write password 
and a read 
password. 


The level of data intrusion 
protection 
is programmable 
by the 


end user, 
the system 
manufacturer 
or a combination 
of both 
to 
provide 
controlled 
access 
to the four 
independent 
lK memory 


arrays. 
On chip supervisory 
circuitry 
and a programmable 
retry 


counter make it ideal for the most sensitive data carrier applications 
such 
as cards 
for banking, 
telephones, 
tolls and home 
security 


systems. 
All communications 
to the device including 
passwords, 
instructions 
and data is via a two wire serial bus. This, coupled 
with 


its on chip intelligent 
supervisory 
capability 
provide 
an ideal single 


chip solution 
for cost sensitive 
data security 
applications. 
The probability 
of guessing 
a correct password 
is one in 
18 quintillion 
(26' = 18,466,744,073,700,000,000.) 


The XK76 Development System Provides Total Hardware 
and Software Development Support for the PASSTME2 


The XK76 Development 
System has been designed 
as a tool 


that significantly 
reduces development 
time of applications 


using the Xicor X76041PASSE2. It is easy to use and simple to set up, 
operating 
with 
any IBM compatible 
PC 
that 
is equipped 
with a 


parallel printer port. The XK76 enables users to quickly examine the 
capabilities 
of 
the 
X76041. 
lt 
provides 
an 
ideal platform 
for 


evaluating 
the suitability of the part 
for a particular 
application. 
The Development 
System demonstrates 
the 
various 
levels of 


security available on the X76041 by enabling the user to configure the 
part and then attempt 
to access it using one or none of the passwords, 


thus simulating 
system 
operation 
without 
the need 
for hardware 


development. 
The XK76 simplifies 
debug by controlling 
an X76041 
residing externally in a Target System (Prototype PC board or Smart 
Card Reader.) Register and array values can be monitored 
and preset 
in-system by connecting an X76041 in the Target System to the control 
lines available 
on the Development 
Board. 
The XK76 also provides 
the designer 
with 
the option 
of pre- 
programming 
parts before use in the Target System. The XK76, PASS 
E2 Development 
System saves designers 
from the laborious 
task of 
developing 
software, hardware 
and programming 
support 
for Secu- 


rity System designs. This results in faster time to market with a higher 
probability 
of success. 
The XK76 provides 
a total Development 
System 


Solutionfor 
PASS £2 Security System Designs. 


APPLICATION 
NOTE 
AND DEVELOPMENT 
SYSTEM 
AVAILABLE 
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FEATURES 
• 54-Bit Password Security 
• Three Password Modes 
-Secure 
Read Access 
-Secure 
Write Access 


-Secure 
Configuration Access 
• Programmable Configuration 
-Read, 
Write and Configuration Access 
Passwords 
-Multiple 
Array Access/Functionality 
-Retry 
Register/Counter 
• 8 Byte Page Mode Write 
• (4) 1K Memory Arrays 
• ISO Response to Reset 
• Low Power CMOS 
-3V 
to 5.5V Power Supply 
-501lA Standby Current 
-3mA 
Active Current 


• High Reliability 
-Endurance: 
100,000Cycles Per Byte 
-Data 
Retention: 100 Years 
-ESD 
Protection: 2000Von All Pins 


DESCRIPTION 
The X76041 is a password access security supervisor 
device, containing four 128 x 8 bit E2PROM arrays. 
Access can be controlled by three 64-bit programmable 
passwords, one for read operations, one for write opera- 
tions and one for device configuration. 


The X76041 features a serial interface and software 
protocol allowing operation on a simple two wire bus. 
The bus signals are a clock input (SCL) and a bidirec- 
tional data input and output (SDA). Access to the device 
is controlled through a chip select input (CS), allowing 
any number of devices to share the same bus. 


The X76041 also features a synchronous response to 
reset; providing an automatic output of a pre-configured 
32-bit data stream conforming to the ISO standard for 
memory cards. 


The X76041 utilizes Xicor's proprietary Direct WriteTM 
cell, providing a minimum endurance of 100,000 cycles 
per byte and a minimum data retention of 100 years. 


SCl 


SDA 


CHIP 
ENABLE 


DATA 
TRANSFER 


ARRAY ACCESS 
ENABLE 


PASSWORD ARRAY AND 
PASSWORD VERIFICATION 
lOGIC 


(4) 16x64 
EEPROM 
ARRAYS 
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PIN DESCRIPTION 


Serial Data Input/Output (SDA) 


SDA is a true three state serial data input/output pin. 
During a read cycle, data isshifted out onthis pin. During 
a write cycle, data is shifted in on this pin. In all other 
cases this pin is in a high impedance state. 


Serial Clock (SCL) 


The Serial Clock controls the serial bus timing for data 
input and output. 


Chip Select (CS) 


When CS is HIGH, the X76041 is deselected and the 
SDA pin is at high impedance and unless an internal 
write operation is underway the X76041 will be in the 
standby power mode. CS LOW enables the X76041, 
placing it in the active power mode. 


Reset (RST) 


RST is a device reset pin. When RST is pulsed HIGH 
while CS is LOW the X76041 will output 32 bits of fixed 
data which conforms to the ISO standard for "synchro- 
nous response to reset". CS must remain LOW and the 
part must not be in a write cycle for the response to reset 
to occur. If at any time during the response to reset CS 
goes HIGH, the response to reset will be aborted and the 
part will return to the standby mode. 


DIP/SOIC 


vCC 
8 
vSS 
RST 
2 
7 
CS 
X76041 
SCl 
3 
6 
SDA 


NC 
4 
5 
NC 


Symbol 
Description 


CS 
Chip Select Input 
SDA 
Serial Data Input/Output 


RST 
Reset Input 
SCL 
Serial Clock Input 
Vss 
Ground 
Vcc 
Supply Voltage 
NC 
No Connect 


There are three primary modes of operation for the 
X76041; READ, WRITE and CONFIGURATION. The 
READ and WRITE modes may be performed with or 
without an 8-byte password. The CONFIGURATION 
mode always requires an 8-byte password. 


The basic method of communication is established by 
first enabling the device (CS LOW), generating a start 
condition and then transmitting acommand and address 
field followed by the correct password (if configured to 
require a password). All parts will be shipped from the 
factory in the non-password 
mode. The user must 


perform an ACK Polling routine to determine the validity 
of the password 
and start the data transfer 
(see 


Acknowledge Polling). Only after the correct password 
isaccepted and an ACK Polling has been performed can 
the data transfer occur. 


To ensure correct communication, RST must remain 
LOW under all conditions except when initiating a "Re- 
sponse to Reset sequence". 


LOAD 


COMMAND+HIGH 
ORDER 
ADDRESS 
BYTE 


LOAD 


LOW ORDER 
ADDRESS 
I CONFIGURATION 
INSTRUCTION 


BYTE 


Data is transferred in 8-bit segments, with each transfer 
being followed by an ACK, generated by the receiving 
device. 


If the X76041 is in a nonvolatile write cycle a "no ACK" 
(SDA HIGH) response will be issued in response to 
loading of the command + high order address byte. If a 
stop condition is issued prior to the nonvolatile write 
cycle the write operation will be terminated and the part 
will reset and enter into a standby mode. 


The basic sequence is illustrated in Figure 1. 


After each transaction is completed, the X76041 will 
reset and enter into a standby mode. This will also be the 
response if an attempt is made to access any limited 
array. 


Password 
Registers 


The three passwords, Read, Write and Configuration 
are stored in three 64 bit Write Only registers as illus- 
trated in figure 2. 


63 
0 


I 
64 81T WRIT~ PASS~ORD 
I 


I 
64 81! READ: PASS~ORD 
I -- 


I 
64 ~IT CO~FIGUR~TION 
~ASSWqRD 
I 
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Device 
Configuration 


Five 8-Bit configuration registers are used to configure 
the X76041. These are shown in figure 3. 


63 


ACR1 
ACR2 


RESERVED 
RETRY COUNTER 
RETRY REGISTER 
CONFIGURATION 
REGISTER 
ARRAY CONTROL 
REGISTER 
2 


ARRAY CONTROL 
REGISTER 
1 


Array Control 


The four 1K arrays, 
are each programmable 
to different 
levels 
of access 
and functionality. 
Each array 
can be 
programmed 
to require 
or not 
require 
the 
read/write 
passwords. 
The functional 
options 
are: 


o Read and Write Access. 


o Read access 
with all write operations 
locked out. 


o Read access 
and program 
only (writing a "1" to a "0"). 


If an attempt to change 
a "0" to a "1" occurs the X76041 


will 
reset, 
issue 
a "no ACK" 
and enter 
the standby 


power 
mode. 


o No read or write access 
to the memory. 
Access 
only 


through 
use of the configuration 
password. 


First'1k' 


Second'1k' 


Third'1k' 


Fourth '1k' 


Addresses 
000 - 
07F (hex) 


Addresses 080 - 
OFF (hex) 


Addresses 
100 - 
17F (hex) 


Addresses 
180 - 
1FF (hex) ! 


High-order 
Addresses 


FIRST 1K 


Y1 


Z4 
T4 


FUNCTION 


X3 
Y3 


ACCESS 


Z 
T 
FUNCTIONALITY 


0 
0 
READ AND WRITE UNLIMITED 


1 
0 
READ ONLY, WRITE LIMITED 


0 
1 
PROGRAM & READ ONLY, 
ERASE LIMITED 


1 
1 
NO READ OR WRITE, FULLY 
LIMITED 


x 
Y 
READ 
WRITE 
PASSWORD 
PASSWORD 


0 
0 
NOT REQUIRED 
NOT REQUIRED 


1 
0 
NOT REQUIRED 
REQUIRED 


0 
1 
REQUIRED 
NOT REQUIRED 


1 
1 
REQUIRED 
REQUIRED 


MSB 


UA1 
UA2 


RESERVED 


RETRY COUNTER 
ENABLE 


RETRY COUNTER 
RESET 
RESERVED 
RESERVED 
UNAUTHORIZED 
ACCESS 
BIT 2 


UNAUTHORIZED 
ACCESS 
BIT 1 
384SILL 
FOO 


Unauthorized Access Bits (UA1, UA2): 


1 0 


Access 
is forbidden 
if retry 
register 
equals 
the 
retry 


counter 
(provided 
that the retry counter 
is enabled) 
and 


no further 
access 
of any kind will be allowed. 


01,00,11 


Only configuration 
operations 
are allowed 
if the 
retry 


register equals the retry counter 
(provided 
that the retry 


counter 
is enabled). 


Retry Counter Reset Bit (RCR): 


If the retry counter 
reset bit is a "1" then the retry counter 


will be reset following 
a correct 
password, 
provided 
the 


retry counter 
is enabled. 


If the retry counter 
reset bit is a "0" then the retry counter 


will not be reset following 
a correct 
password, 
provided 


the retry counter 
is enabled. 


Retry Counter Enable Bit (RCE): 


If the Retry counter 
enable 
bit is a "1", then 
the retry 


counter 
is enabled. 
An initial comparison 
between 
the 


retry register and retry counter 
determines 
whether 
the 


number 
of allowed 
incorrect 
password 
attempts 
has 


been reached. 
If not, the protocol 
continues 
and in case 


of a wrong password, 
the retry counter 
is incremented 
by 


one. If the password 
is correct then the retry counter 
will 


either be reset or unchanged, 
depending 
on the reset bit. 


The retry register must have a higher value than the retry 
counter for correct device operation. If the retry counter 
value is larger than the retry register and the retry 
counter is enabled, the device will wrap around allowing 
up to an additional 255 incorrect access attempts. 


If the Retry counter enable bit is a "0", then the retry 
counter is disabled. 


Retry Register/Counter 


Both the retry register and retry counter are accessible 
in the configuration mode and may be programmed 
with a value of 0 to 255. 


The difference between the retry register and the retry 
counter is the number of access attempts allowed, 
therefore the retry counter must be programmed to a 
smaller value than the retry register to prevent wrap 
around. 


V 
----JI/: 
I 
I 
DATA STABLE 


The X76041 supports a bidirectional bus oriented proto- 
col. The protocol defines any device that sends data 
onto the bus as a transmitter, and the receiving device 
as the receiver. The device controlling the transfer is a 
master and the device being controlled isthe slave. The 
master will always initiate data transfers, and provide 
the clock for both transmit and receive operations. 
Therefore, the X76041 will be considered a slave in all 
applications. 


Start Condition 


All commands except for response to reset are pre- 
ceded by the start condition, which is a HIGH to LOW 
transition of SDA when SCL is HIGH. The X76041 
continuously monitors the SDA and SCL lines for the 
start condition and will not respond to any command until 
this condition has been met. 


\UI 
I 
I 
:X : 
I 
I 
I DATA 
I 
CHANGE 


~_I_- 
I 


~ 
I 
I 


~~ 
I 
I 
I 
I 


~~ 


I 
I 
I 
I 


START BIT 
STOP BIT 


NOTE: 
The part requires the SCL input to be LOW during non-active periods of operation. In other words, the SCL will need to be LOW 
prior to any START condition and LOW after a STOP condition. This is also reflected in the timing diagram. 


• 


Stop Condition 


All communications must be terminated by a stop con- 
dition, which is a LOW to HIGH transition of SDA when 
SCL is HIGH. A stop condition can only be issued after 
the transmitting device has released the bus. 


Acknowledge 


Acknowledge is a software convention used to indicate 
successful data transfer. The transmitting device, either 
master or slave, will release the bus after transmitting 
eight bits. During the ninth clock cycle the receiver will 
pull the SDA line LOW to acknowledge that it received 
the eight bits of data. 


THE FIRST 
BYTE 
THE SECOND 
BYTE 
PASSWORD 
IN THE PROTOCOL 
IN THE PROTOCOL 
COMMAND 
DESCRIPTION 
USED: 


OOOXXXXA 
Write address 
Write (Byte / Page) 
Write 


001XXXXA 
Read address 
Read (Random / Sequential) 
Read 


010XXXXA 
Write address 
Write (Byte / Page) 
Configuration 
01 1XXXXA 
Read address 
Read (Random / Sequential) 
Configuration 


100XXXXX 
00000000 
Program write-password 
Write 


100XXXXX 
00010000 
Program read-password 
Read 


100XXXXX 
00100000 
Program configuration-password 
Configuration 


100XXXXX 
00110000 
Reset write password (all O's) 
Configuration 


100XXXXX 
01000000 
Reset read password (all O's) 
Configuration 


100XXXXX 
01010000 
Program configuration registers 
Configuration 


100XXXXX 
01100000 
Read configuration registers 
Configuration 


100XXXXX 
01110000 
Mass program 
Configuration 
100XXXXX 
10000000 
Mass erase 
Configuration 


All the rest 
Reserved 


3845 
PGM 
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NOTE: 
Illegal command codes will be disregarded. 
The part will respond with a 'no-ACK" to the illegal byte and then return to the standby 


mode. All writelread 
operations 
mayor 
may not require a password. 


WRITE OPERATIONS 


Byte Write 


The Byte Write mode requires issuing a 3-bit command 
followed bythe address, password (if required) and then 
the data byte transfer as illustrated in Figure 4. After the 
data byte to be transferred is acknowledged a stop 
condition is issued which starts the nonvolatile write 
cycle. The nonvolatile write cycle starts with the falling 
edge of SCL following the stop condition. 


Page Write 


The Page Write mode requires issuing the 3-bit write 
command followed by the address, password if required 
and then the data bytes transferred as illustrated in 
Figure 5. Up to 8 bytes may be transferred. After the last 
byte to be transferred is acknowledged a stop condition 
is issued which starts the nonvolatile write cycle. If more 
than 8 bytes are transferred the data will wrap around 
and previous data will be overwritten. All data will be 
written to the same page as defined by As-A3. 


S 
TA 
WRITE 
R C M D A A A A A 
A A A A A A A A 
PASSWORD 7 


T 
xxxxs 
76543210 
~ 


SDA LINE 
~I::::::: 
U : : : : : : :u :::::::L 
A 
A 
A 
C 
C 
C 
KKK 


DATA 0 
~ 
WAIT 
-':::::::lil 


twc 


A 
AS 
C 
CT 


K 
KO 
P 


sr 
WRITE 
R C M D A A A A A 
A A A A A A A A 
PASSWORD 7 
T 
xxxxs 
76543210 
~ 


SDA LINE 
~I::::::: 
U : : : : : : : u :::::::L 
A 
A 
A 


C 
C 
C 
KKK 


DATA 0 
DATA 1 
DATA 2 
~~~ 
J :::::::u :::::::IJ : : : : : : : L 
A 
A 
A 
A 
C 
C 
C 
C 
KKK 
K 


WRITE 


PASSWORD 0 
~ 
J : : : : : : : L ~~;ACK 
POLLING 
A 
A 
C 
C 
K 
K 


• 


WRITE 
PASSWORD 0 


~ 
J : : : : : : : L ~~;ACK 
POLLING 
A 
A 


C 
C 
K 
K 


DATA 7 
~ 
WAIT 
J :::::::liltwc 


AS 
CT 
K a 
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P 


ACK Polling 


Once a stop condition 
is issued to indicate the end of the 
host's write sequence, 
the X76041 
initiates the internal 
nonvolatile 
write cycle. In order to take advantage 
of the 


typical 
5rns write 
cycle, 
ACK 
polling 
can 
be initiated 


immediately. 
This 
involves 
issuing 
the Start condition 


followed 
by the new command 
code 
of eight 
bits (1st 


by1e of the protocol). 
If the X76041 
is still busy with the 


nonvolatile 
write 
operation, 
it will issue 
a "no ACK" 
in 


response. 
If the nonvolatile 
write 
operation 
has com- 


pleted, 
an "ACK" will be returned 
and the host can then 


proceed 
with 
the 
rest 
of the 
protocol. 
Refer 
to the 


following 
flow: 


ACK Polling Sequence 


WRITE 
SEQUENCE 


COMPLETED 
ENTER 
ACK 
POLLING 


ISSUE 
NEW 
COMMAND 
CODE 


(1ST BYTE) 


After a password 
sequence, 
there is always 
a nonvola- 


tile write cycle. 
In order to continue 
the transaction, 
the 


X76041 
requires 
the master to perform 
an ACK polling 


with the specific 
code of COho As with regular 
acknowl- 


edge polling the user can either time out for 10ms, and 
then issue the ACK polling once, or continuously 
loop as 


described 
in the flow. 


As with regular acknowledge 
polling, 
if the user chooses 


to loop, then as long as the nonvolatile 
write 
cycle 
is 


active, 
a no ACK 
will be issued 
in response 
to each 


polling cycle. 


If the password 
that was inserted 
was correct, 
then an 
"ACK" will be returned 
once the nonvolatile 
write cycle is 


over, in response 
to the ACK polling 
cycle immediately 


following 
it. 


If the password 
that was inserted 
was incorrect, 
then a 
"no ACK" will be returned 
even 
if the nonvolatile 
write 


cycle is over. Therefore, 
the user cannot 
be certain 
that 


the password 
is incorrect 
until the 1Oms write cycle time 


has elapsed. 


)>-----<C .. 


Sequential Read 


Once past the password acceptance sequence (when 
required), the host can read sequentially within the 
originally addressed 1K-bit array. The data output is 
sequential, with the data from address n followed by the 
data from n+1.The address counter for read operations 
increments all address bits, allowing the 1K memory 
contents to be serially read during one operation. At the 
end of the address space (address 127), the counter 
"rolls over" to address 0 and the X76041 continues to 
output data for each acknowledge received. Refer to 
figure 8 forthe address, acknowledge and data transfer 
sequence. 
An 
acknowledge 
must 
follow 
each 
8-bit 
data 
transfer. 
After 
the 
last 
bit 
has 
been read, a stop condition is generated without a 
preceding acknowledge. 


Read operations are initiated in the same manner as 
write operations but with a different command code. 


Random Read 


With random read, an address must be supplied with the 
read command. Once the password has been acknowl- 
edged and first byte has been read, another start can be 
issued followed by a new 8-bit address. Random reads 
are allowed only within the original 1K-bit array. There- 
fore the A7 bit that is given in the new address is actually 
a "don't care". To access another 1K-bit array, a stop 
must be issued followed by a new command/address/ 
password sequence. 


S 
T 
READ 


~ C M D A A A A A 
A A A A A A A A 
PASSWORD 
7 
T 
XXXX8 
76543210 
~ 


SDALINE 
~I::::::: 
U::::::: L 


A 
A 
A 


C 
C 
C 
KKK 


DATA 
0 
AAAAAAAA 
DATA 
1 


IFPASSWORD 
~ 
76543210 
~ 


MATCH 
THEN 
-' 
: 
: 
: 
: 
: 
: 
: 
~ 
: 
: 
: 
: 
: 
: 
: U : : : : : : : ~ 


A 
S 
A 
S 


C 
T 
C 
T 
K 
A 
K 
0 
R 
P 
T 


READ 
PASSWORD 
0 


~ 
J : : : : : : : L ~~;ACK 
POLLING 
A 
A 
C 
C 
K 
K 


S 
T 
READ 


A C M D A A A A A 
A A A A A A A A 
PASSWORD 
7 


~ 
XXXX8 
76543210 
~ 


SDALINE 
~::::::: 
LI : : : : : : : L 


A 
A 
A 


C 
C 
C 
KKK 


DATA 
0 
DATA 
1 
DATA 
2 
,-------A------ 
,-------A------ 
,-------A------ 
-':::::::u :::::::u :::::::L 
A 
A 
A 
A 
C 
C 
C 
C 
KKK 
K 


READ 


PASSWORD 
0 
,-------A------ 
J : : : : : : : L ~~;ACK 
POLLING 
A 
A 
C 
C 
K 
K 


DATA 
X 
,-------A------ 
J::::::: 
I~ 
s 
To 
P 


• 


Configuration 
Read/Write 


Configuration read/write allows access to all of the 
nonvolatile memory arrays regardless of the contents of 
the configuration registers. Access includes byte and 
page mode writes, random and sequential reads using 
the same format as normal reads and writes. 


In general, the configuration read/write operation en- 
ables access to any memory location that may other- 
wise be limited. The configuration password, in this 
sense, is like a master key that can override the limits 
caused by the control partitioning of the arrays. 


Configuration commands generally require the configu- 
ration password. The exception is that programming a 
new read/write password requires the old read/write 
password and not the configuration password. In most 
cases these operations will be performed by the equip- 
ment manufacturer or end distributor of the equipment 
or card. 


S 


T 
CONFIGURATION 


~ C M D A A A A A 
A A A A A A A A 
PASSWORD 7 


T 
XXXXB 
76543210 
~ 


[ill]~DJ::::::: 
U::::::: L 


A 
A 
A 
C 
C 
C 
KKK 


DATA 0 
DATA 1 
DATA 2 
~~~ 
J::::::: 
U::::::: 
U::::::: 
L 


A 
A 
A 
A 


C 
C 
C 
C 
KKK 
K 


sr 
CONFIGURATION 
R C M D A A A A A 
A A A A A A A A 
PASSWORD 7 
T 
XXXXB 
76543210 
~ 


~I:::::::U:::::::L 


A 
A 
A 
C 
C 
C 
KKK 


DATA 0 
DATA 1 
DATA 2 
~~~ 
J :::::::IJ : : : : : : : u :::::::L 
A 
A 
A 
A 


C 
C 
C 
C 
KKK 
K 


CONFIGURATION 


PASSWORD 0 
~ 
J : : : : : : : L ~~JACK 
POLLING 


A 
A 
C 
C 


K 
K 


DATA X 


~ 
WAIT 
J :::::::li1twc 
A S 
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CT 
KO 
P 


CONFIGURATION 


PASSWORD 0 
~ 
J : : : : : : : L ~dJACK 
POLLING 


A 
A 
C 
C 


K 
K 


DATA X 
~ 
J::::::: 
~s 
To 
P 


S 


T 
CONFIGURATION 
~ C M D A A A A A 
A A A A A A A A 
PASSWORD 7 


T 
XXXX8 
76543210 
~ 


§JIL_[lJ :::::::IJ : : : : : : : L 


A 
A 
A 
C 
C 
C 
KKK 


DATA 0 
AAAAAAAA 
DATA 
~76543210 
~ 


J : : : : : : : §] : : : : : : : IJ : : : : : : : 0 
A 
S 
A 
S 
C 
T 
C 
T 


K 
A 
K 
0 


R 
P 


T 


CONFIGURATION 


PASSWORD 0 
~ 
! : : : : : : : L ~~TACK 
POLLING 
A 
A 
C 
C 
K 
K 


Configuration 
of Passwords 


The sequence 
in figure 
12 will change 
(program) 
the 
write, read and configuration 
passwords. 
The program- 


ming of passwords 
is done twice prior to the nonvolatile 


write 
cycle 
in order 
to verify 
that the new password 
is 


consistent. 
After 
the 
eight 
bytes 
are 
entered 
in the 


second pass, a comparison 
takes place. A mismatch 
will 
cause the part to reset and enter into the standby 
mode 


and a "no ACK" will be issued. 


There 
is no way to read the ReadlWrite/Configuration 


passwords. 


S 
T 
READIWRITEI 
OLD 
OLD 


~ C M D A A A A A 
CONFIGURATION 
PASSWORD 7 
PASSWORD 0 
T 
X X X X 8 
INSTRUCTION 
,-------A------ 
,-------A------ 


lill 
1 
: 
: 
: 
: 
: 
: 
: u :::::::L 
J : : : : : : : L ~A~TACK POLLING 
A 
A 
A 
A 
C 
C 
C 
C 
NEW 
K 
K 
NEW 
K 
NEW 
K 
PASSWORD 7 
PASSWORD 0 
PASSWORD 7 
,-------A------ 
,-------A------,-------A------ 


J:::::::L 
J:::::::U:::::::L 


A 
A 
A 
A 
C 
C 
C 
C 
KKK 
K 


NEW 
PASSWORD 0 


~ 
WAIT 
J :::::::L0twc 


A 
AS 
C 
C T 
K 
KO 
P 
• 


Program Configuration Registers 


This mode allows programming of the five configuration/ 
control registers using the configuration password. The 
retry counter must be programmed with a value less 
than the retry register. If it is programmed with a value 
larger than the retry register there will be a wrap around. 


Read Configuration Registers 


This mode allows reading of the 5 configuration/control 
registers with the configuration password. It may be 
useful for monitoring purposes. 


Read Password Reset 


This mode allows resetting of the READ password to all 
"O"s in case re-programming is needed and the old 
password is not known. 


Write Password Reset 


This mode allows resetting of the WRITE password to all 
"O"s in case re-programming is needed and the old 
password is not known. 


Mass Program 


This mode allows mass programming of the array, 
configuration registers and password to all "O"susing a 
special configuration command. All parts are shipped 
mass programmed. 


Mass Erase 


This mode allows mass erase of the array, configuration 
register and password to all "1"s using a special configu- 
ration command. 


S 


T 
CONFIGURATION 
CONFIGURATION 
CONFIGURATION 
~ C M D A A A A A 
INSTRUCTION 
PASSWORD 
7 
PASSWORD 
0 


T 
X X X X 8 
,------A-----. ,------A-----. 
,------A-----. 


[ill~_~1 I:::::::u :::::::L 
J : : : : : : : L ~~;ACK 
POLLING 
A 
A 
A 
A 
A 
C 
C 
C 
C 
C 


BCR 1 
K 
BCR 2 
K 
CR 
K 
RR 
K 
RC 
K 
BYTE 
BYTE 
BYTE 
BYTE 
BYTE 
,------A-----. ,------A-----. ,------A-----. ,------A-----.,------A-----. 
WAIT 
J :::::::LI: :: : :::IJ:: :: : ::u :::::::u :::::::liltwc 


A 
A 
A 
A 
A 
AS 
C 
C 
C 
C 
C 
CT 
KKK 
K 
K 
KO 


P 


s 
1 
CONFIGURATION 
CONFIGURATION 
CONFIGURATION 
R C M D A A A A A 
INSTRUCTION 
PASSWORD 
7 
PASSWORD 
0 


T 
X X X X 8 ,------A-----. ,------A-----. 
,------A-----. 


[ill~_~1 :::::::IJ : : : : : : : L 
J : : : : : : : L ~~;ACK 
POLLING 
A 
A 
A 
A 
A 
C 
C 
C 
C 
C 


BCR 1 
K 
BCR 2 
K 
CR 
K 
RR 
K 
RC 
K 


BYTE 
BYTE 
BYTE 
BYTE 
BYTE 
,------A-----. ,------A-----.,------A-----.,------A-----. ,------A-----. 
J::::::: 
U::::::: 
U:::::: 
:U:::::::U:::::::~ 
A 
A 
A 
A 
A 
S 
C 
C 
C 
C 
C 
T 
KKK 
K 
K 
0 
P 


S 
T 
CONFIGURATION CONFIGURATION 
~ C M D A A A A A 
INSTRUCTION 
PASSWORD7 
T 
XXXX8~~ 
Iill~~, 
I::::::: L1:::::::L 
A 
A 
A 
C 
C 
C 
KKK 


[ 


WAIT 
t 
lACK POLLING 
CONFIGURATION 
WC 


PASSWORD0 
~ 
J : : : : : : : I~~~T 
A 
AS 
C 
CT 
K 
KO 
P 


S 
T 
CONFIGURATION CONFIGURATION 
~ C M D A A A A A 
INSTRUCTION 
PASSWORD7 
T 
XXXX8~~ 
Iill~~, 
I::::::: 
U::::::: L 
A 
A 
A 
C 
C 
C 


KKK 


[ 


WAIT 


t 
lACK POLLING 
CONFIGURATION 
WC 


PASSWORD0 
~ 
J : : : : : : : lil~~T 
A 
AS 
C 
CT 
K 
KO 
P 


SYMBOL 
TABLE 


WAVEFORM 
INPUTS 
OUTPUTS 
• 


Must be 
Will be 


steady 
steady 


JZr 


May change 
Will change 
from LOW 
from LOW 
to HIGH 
to HIGH 


~ 


May change 
Will change 


from HIGH 
from HIGH 
to LOW 
to LOW 


'IJXi 


Don't Care: 
Changing: 
Changes 
State Not 
Allowed 
Known 


~ 


NIA 
Center Line 
is High 
Impedance 


ABSOLUTE 
MAXIMUM 
RATINGS· 


Temperature 
under 
Bias 
-65°C 
to + 135°C 


Storage 
Temperature 
-65°C 
to +150°C 


Voltage on any Pin with 
Respect to Vss 
-1V 
to +7V 


D.C. Output 
Current 
5mA 


Lead Temperature 


(Soldering, 
10 seconds) 
300°C 


·COMMENT 
Stresses 
above those 
listed under "Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
This is a stress rating only and the functional 
operation 
of 
the device at these or any other conditions 
above those 
listed in the operational 
sections 
of this specification 
is 
not implied. 
Exposure 
to absolute 
maximum 
rating con- 


ditions for extended 
periods 
may affect device reliability. 


Temp 
Min. 
Max. 


Commercial 
O°C 
+70°C 


Industrial 
-40°C 
+85°C 


Military 
-55°C 
+125°C 


Supply Voltage 
Limits 


X76041 
4.5V to 5.5V 


X76041 
- 3 
3V to 5.5V 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 
Test Conditions 


Icc1 
Vcc 
Supply 
Current 
(Read) 
2 
mA 
fSCL= VccxO.1NccxO.9 
Levels 
@ 1MHz, 


SDA = Open 
RST = CS = Vss 


Icc2 
Vcc 
Supply 
Current 
(Write) 
3 
mA 
fSCL = VccxO.1NccxO.9 
Levels 
@ 1MHz, 


SDA = Open 
RST = CS = VSS 
IsB1(1) 
Vcc 
Supply 
Current 
(Standby) 
100 
IlA 
SCL = Vss, CS = Vcc - 0.3V 
SDA = Open, 
RST = Vcc = 5.5V 
ISB2(1) 
Vcc 
Supply 
Current 
(Standby) 
50 
IlA 
SCL = Vss, CS = Vss, Vcc - 0.3V 
SDA = Open, 
RST = Vss, Vcc = 3V 


III 
Input Leakage 
Current 
10 
IlA 
VIN = Vss to Vcc 


ILa 
Output 
Leakage 
Current 
10 
IlA 
VOUT = Vss to Vcc 
VIL(2) 
Input LOW Voltage 
-1 
Vccx 
0.3 
V 


VIH(2) 
Input HIGH Voltage 
Vccx 
0.7 
Vcc+ 
0.5 
V 


VOL 
Output 
LOW Voltage 
0.4 
V 
IOL= 2mA 


VOH 
Output 
HIGH Voltage 
Vcc-0.8 
V 
IOH= -1mA 


Symbol 
Test 
Max. 
Units 
Conditions 


COUT(3) 
Output 
Capacitance 
(SDA) 
10 
pF 
VI/0= 
OV 


CIN(3) 
Input Capacitance 
(RST, SCL, CS) 
10 
pF 
VIN= OV 


NOTES: 
(1) 
Must perform a stop command after a read command prior to measurement 


(2) 
V1L min. and V1H max. are for reference only and are not tested. 


(3) 
This parameter 
is periodically sampled and not 100%tested. 


5V 


T1.53KQ 


OUTPUT--l 


1100PF 


Input Pulse Levels 
VCCxO.1 
toVcCxO.9 


Input Rise and Fall Times 
10n5 


Input and Output Timing Level 
VCCxO.5 


Output Load 
100pF 


A.C. CHARACTERISTICS 
(Over recommended 
operating 
conditions, 
unless otherwise 
specified) 


Read & Write Cycle Limits 


Symbol 
Parameter 
Min. 
Max. 
Units 


fSCL 
SCL Clock 
Frequency 
1 
MHz 


TI 
Noise Suppression 
Time Constant 
at SCL & SDA Inputs 
20 
ns 


tov 
SCL HIGH to SDA Data Valid 
450 
ns 


tLOW 
CLock 
LOW Period 
500 
ns 


tHIGH 
Clock 
HIGH Period 
500 
ns 


tSTAS1 
Start Condition 
Setup Time to Rising 
Edge of SCL 
150 
ns 


tSTAS2 
Start Condition 
Setup time to Falling 
Edge of SCL 
150 
ns 


tSTAH1 
Start Condition 
Hold Time to Rising Edge of SCL 
50 
ns 


tSTAH2 
Start Condition 
Hold Time to Falling 
Edge of SCL 
50 
ns 


tSTPS1 
Stop Condition 
Setup Time to Rising 
Edge of SCL 
150 
ns 


tSTPS2 
Stop Condition 
Setup time to Falling 
Edge of SCL 
150 
ns 


tSTPH1 
Stop Condition 
Hold Time to Rising 
Edge of SCL 
50 
ns 


tSTPH2 
Stop Condition 
Hold Time to Falling 
Edge of SCL 
50 
ns 


tHO:OAT 
Data in Hold Time 
10 
ns 


tSU:DAT 
Data in Setup Time 
150 
ns 


tRSCL(4) 
SCL Rise Time 
90 
ns 


tFSCL(4) 
SCL Fall Time 
90 
ns 


tR(4) 
SDA, CS, RST Rise Time 
90 
ns 


tF(4) 
SDA, CS, RST Fall Time 
90 
ns 


tOH 
Data Out Hold Time 
0 
ns 


tHZ1 
SCL LOW to High Impedance 
150 
ns 


tLZ 
SCL HIGH to Output 
Active 
0 
ns 


tvccs 
Vcc to CS Setup Time 
5 
ms 


tsu:cs 
CS Setup Time 
200 
ns 


tHO:CS 
CS Hold Time 
100 
ns 


tHZ2 
CS Deselect 
Time 
150 
ns 


tSU:SCL 
SCL Setup Time to CS LOW after Power 
Up 
200 
ns 


tRST 
RST HIGH Time 
1500 
ns 


tSU:RST 
RST Setup Time 
500 
ns 


fSCL:RST 
SCL Frequency 
During 
Response 
to Reset 
1 
MHz 


tLOW:RST 
SCL LOW Time During 
Response 
to Reset 
500 
ns 


tHIGH:RST 
SCL HIGH Time 
During 
Response 
to Reset 
500 
ns 


tpo 
SCL LOW to SDA Valid During 
Response 
to Reset 
450 
ns 


tNOL 
RST to SCL Non-Overlap 
500 
ns 


twc 
Nonvolatile 
Write Cycle 
10 
ms 
• 


tFl[ 


Start 
bit 


tFSCL 
tRSCL 
1f 1 r'OW1-\<>GH~ 


x==========t=SU=:=D=A=] -1- 
j~fDDAT 


3845 
ILL F22 


1st clock 
pulse of 
sequence 


last clock 
pulse of 
sequence 


-1 
tSTAS1 
-- 
tSTAH1t 
_________ 
tSTAS2 


SDA(IN) 


from master 
'ST~'1 
_ 


NOTES: 
(1) The master may issue a STOP condition at any given time in which it is driving the SDA line. In other words, when the part is 
sending ACK or data the master may NOT issue a STOP condition. The part will not respond to any such attempt which also 
causes bus contention. 
At any other time, a STOP condition will cause the part to reset and stop (enter a stand-by mode). Write 
operations 
will terminate prior to entering the stand-by mode. 


(2) When the part drives the SDA line, it will tri-state the bus only after the last bit of the sequence. 
In other words, after the 8th bit 


of a byte that is read or after ACK between incoming bytes. In all other cases when the part drives the bus (between 
successive 
bits) it will continue to drive the bus also during the clock LOW periods. 


SDA(OUT) 


from slave 
(acknowledge) 


SDA(OUT) 


from master 


(acknowledge) 


tSU:CS~==t 
====1 
~==='"DCS 
/ 
-1 
t- 
3845 III F28 


CS 
from 
master 


• 


\_- 


tHIGH_RST 


2nd 
elk. 
pulse 


___ 
2_n_d_D_A_T_A_B_IT>C= 


tpD 


1st DATA BIT 


NOTES: 
(1) The reset 
operation results in an answer from the part containing a header transmitted from the part to the master. The header 


has a fixed length of 32 bits and begins with two mandatory fields of eight bits: 
H1 and H2. 


(2) The chronological 
order of transmission 
of the information bits shall correspond to bit identification 
b1 to b32 with the LEAST 
significant 
bit transmitted 
first. 


(3) The current values are: 


H1 : 19 h 
H2: 55 h 
H3: AA h 
H4: 55 h 


X76041 
_T 


-xLVcc Limits 
Blank = 5V ±1 0% 
3 = 3V to 5,5V 


Temperature 
Range 
Blank = Commercial 
= O°C to +70°C 


I = Industrial 
= -40°C 
to +85°C 
M = Military = -55°C 
to +125°C 


Package 
P = 8-Lead 
Plastic 
DIP 
S = 8-Lead 
SOIC (EIAJ) 


H = Die in Waffle 
Packs 
W = Die in Wafer 
Form 


LIMITED WARRANTY 


Devices 
sold by Xicor, 
Inc. are covered 
by the warranty 
and patent indemnification 
provisions 
appearing 
in its Terms of Sale only. Xicor, 
Inc. makes 
no warranty, 
express, 
statutory. 
implied, 
or by description 
regarding 
the information 
set forth herein or regarding 
the freedom 
of the described 
devices 
from patent infringement. 


Xicor, Inc. makes no warranty 
of merchantability 
or fitness for any purpose. 
Xicor, Inc. reserves 
the right to discontinue 
production 
and change 
specifications 
and 


prices at any time and without 
notice. 


Xicor, Inc. assumes 
no responsibility 
for the use of any circuitry 
other than circuitry 
embodied 
in a Xicor, Inc. product. 
No other circuits, 
patents, 
licenses 
are 
implied. 


U.S. PATENTS 
Xicor products 
are covered 
by one or more of the following 
U.S. Patents: 4,263,664; 
4,274,012; 
4,300,212; 
4,314,265; 
4,326,134; 
4,393,481; 
4,404,475; 
4,450,402; 
4,486,769; 
4,488,060; 
4,520,461; 
4,533,846; 
4,599,706; 
4,617,652; 
4,668,932; 
4,752,912; 
4,829, 482; 4,874, 967; 4,883, 976. Foreign 
patents 
and 


additional 
patents 
pending. 


LIFE RELATED 
POLICY 


In situations 
where semiconductor 
component 
failure may endanger 
life, system designers 
using this product should design the system 
with appropriate 
error 


detection 
and correction, 
redundancy 
and back-up 
features 
to prevent such an occurence. 


Xicor's 
products 
are not authorized 
for use in critical components 
in life support devices or systems. 
1. Life support 
devices 
or systems 
are devices 
or systems 
which, 
(a) are intended 
for surgical 
implant 
into the body, or (b) support 
or sustain 
life, and whose 


failure to perform, 
when properly 
used in accordance 
with instructions 
for use provided 
in the labeling, 
can be reasonably 
expected 
to result in a significant 


injury to the user. 


2. A critical component 
is any component 
of a life support 
device or system 
whose failure to perform can be reasonably 
expected 
to cause the failure of the life 


support 
device 
or system, 
or to affect its safety or effectiveness. 


• 
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FEATURES 
• 68HC11 Microcontroller 
• 8MHz system clock 
• 8Kx8 intelligent E2PROM (X68C64 SLIC E2 
or X68C75 optional) 
• DOS based XSLlC communication/configuration 
software diskette 
• Serial communication port (RS232 DB-9) 
• Extended memory support 
• Emulation mode 
-Expansion 
connectors for 68HC11 
-ROM 
emulator 
-Interface 
option to target system 
• Prototype area 
• 4" x 5.5" form factor 
• Power source alternatives: Battery/Power Jack! 
Target system 


SOFTWARE DISKETTE INCLUDES: 
• 
README 
• SLlC.HEX 
• 
XSLlC.EXE 
• SLlC.DOC 
• 
SLlC.AS 
• SLICNOTE.DOC 
• 
XK68.SCH (ORCAD SCHEMATICS) 
• 
XICOR.L1B (ORCAD LIBRARY) 


DESCRIPTION 


The XK68 is an 68HC11 based development system for 
the X68C64 and X68C75 SUC (Self-Loading Integrated 
Code) E2 products. The system allows users to easily 
integrate their code into the X68CXX SUC E2 product 
and speed up the design process. The prototype area on 
the board is ideal for small custom circuit design. Three 
power source options are available: external power jack, 
single 9-Volt battery, or from the target system. Two 
push-button switches are used to reset the 68HC11 or to 
generate an external interrupt. 


The XK68 system can operate in two modes: stand- 
alone, and ROM emulation. In stand-alone mode the 
XK68 internally generates all of the necessary signals 
and operates independently. 


The ROM emulation mode employs one of the two 50-pin 
headers (J1 and J2) to interface to the target system. The 
headers carry all of the microcontroller signals. Depend- 
ing on the SUC E2 type integrated on the board, one of 
the appropriate connectors is used to plug into the 
microcontroller socket on the target system through the 
50-pin shielded flat ribbon cable provided with the XK68 
system. 
• 


XSLlC 
SCREEN 
SHOWN 
FROM 
MONITOR 


XSLlC Rev. 3.6 
X68C64 SLlC· E2 Rev. 1.0 • SLiC is a 
trademark of Xicor, Inc. copyright © 1993 
by Xicor, Inc. Milpitas, CA 
Download 
BPR 
Verify 
Filename" " 
Reset 
ReLocate 
Setup 
Quit 
Please make selection 111_ 


PCD 


~ 


XSLlCij 
EJ 


The XSLlC is a DOS based application program with a 
built in user interface and communication driver. It man- 
ages the programming of the SLiC E2 devices by con- 
verting the user's file from Intel HEX or Motorola S 
formats to Xicor XCOM format and downloads them to 
the SLiC E2 device. 


iCDP 
® 


CONTENTS 


• 3.5" Diskette, PC Format, Double Density 
-Executable 
Development 
System Software 
-Source 
C Interface Routines 
• Development 
Board 
• Interface Cable 
• Users Guide 
• Two X76041 DIP Parts 


FEATURES 


• Simple PC Based Platform 
• Menu Driven User Interface 
• Programming 
Editor for Memory Arrays 


• Provides Complete Control of PASS™ E2 
Operation 
-Password 
Entry and Programming 
-Configuration 
Registers Programming 
• Simplifies 
Design and Debug Process 
• Supports 
Three Modes of Operation 


Evaluation 
Mode-uses 
an X76041 mounted on the 
development board to demonstrate the capabilities and 
suitability of the part for a particular application. Pro- 
vides an understanding of the part in minutes not hours. 


Prototype 
Mode-does 
not use the X76041 on the 
development board, but rather controls an X76041 
placed in the Target System (Prototype PC board or 
ISO Card Reader). Connections between the develop- 
ment board and the Target System are made through 
the SDA, SCL, CS, and RST terminals provided. This 
mode provides an effective debug capability. Memory 
array and register values of X76041s residing in the 
Target Systems can be monitored and set by the 
designer. 


Programming 
Mode-1his provides a capability for pro- 
gramming parts mounted on the development board or 
residing in the Target System. 


~ 
~iCO~ 
X76041 Development Board 
~ • 
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00 


U1C:::::] 
VR1~ 
SW1 
>0 
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R4 
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DESCRIPTION 


The XK76 
Development 
System 
has been designed 
to 


be a tool that significantly 
reduces 
development 
time of 


applications 
using the Xicor X76041 
PASS E2. It greatly 


simplifies 
the 
task 
of understanding, 
evaluating 
and 


designing-in 
the part. 


The 
development 
system 
consists 
of a circuit 
board, 
two feet of flat ribbon 
cable 
with adjacent 
connectors, 
two X76041 s, and a 3.5" software 
diskette. 
It is easy to 


use and simple 
to set-up, 
operating 
with any PC com- 


patible computer 
that is equipped 
with a parallel 
printer 


port. The development 
board 
is powered 
using a stan- 


dard 9-Volt 
battery, 
power jack or DC power supply. 


The XK76 
is a tool that enables 
users 
to quickly 
and 


easily 
understand 
the 
capabilities 
of the 
X76041. 
It 


provides 
an ideal platform 
for evaluating 
the suitability 


of the 
part for a particular 
application. 
The 
develop- 


ment system 
demonstrates 
the various 
levels of secu- 


rity available 
on the 
X76041 
by enabling 
the 
user to 


configure 
the part and then attempt 
to access 
it using 


one or none of the passwords. 


Development 
System's 
MAIN interface 
screen format 


The XK76 
simplifies 
debug 
by controlling 
an X76041 
residing 
externally 
in a 
Target 
System 
(Prototype 
PC 


board or ISO Card Reader). 
Register 
and array values 
can be monitored 
and preset 
in-system 
by connecting 


the SDA, SCL, CS, and RST terminals 
on the develop- 


ment board 
to the X76041 
in the Target 
System. 
The 


XK76 also provides 
the designer 
with the option 
of pre- 
programming 
parts before 
use in the Target 
System. 


The status 
and values 
of 
the X76041 's registers 
and 


four memory 
arrays 
are represented 
on the PC using 


two 
graphical 
user 
interfaces. 
The 
MAIN 
interface 
is 


used to display 
the 
ISO identification 
number; 
enter, 


display, 
reset 
and 
program 
passwords; 
display 
and 


program 
configuration 
registers; 
and 
mass 
program/ 
erase 
memory. 
The ARRAY 
interface 
is used to read 


the four memory 
arrays 
and enter 
the array 
program- 


ming editor. 
The various 
options 
in each 
interface 
are 


displayed 
using menus and selected 
using a single key 


input. 


563A-89C3-2084-5760 
I 
I 
6576-E798-251 
A-6554 
I I 
3945-489Q-03D4-4F9B 


ACR1 
(Hex) 


fD8l 
1st 1K - 
Read & Write 
U 
W & No R Password 
2nd 1K - Read & Program 
R & W Password 


CR (Hex) 


I2Cl 
Device 
Kill 
U 
Counter 
Reset 
Counter 
Enable 


-Off 
-On 
-On 


W - Write Arrays 
R - Read Arrays 
C - Configuration 
Registers 
Program 
E - Enter Password 


ACR2 
(Hex) 


IFQl 
3rd 1K - Read & Write 
u 
No R or W Password 
4th 1K - No Read or Write 
R & W Password 


RR (Dee) 
[2] 


RC (Dee) 
Q] 


ISO (Hex) 
I 19-55-AA-55 
I 


P - Program 
Password 
M - Mass Mode 
S - Reset Password 
Q-Quit 


X76041 
FOUR 
128 x 8 MEMORY 
ARRAYS 


Write Password WRITE 
Read Password READ 


000 
OlF 
020 
03F 
040 
OSF 
060 
07F 


080 
09F 
DAD 
OBF 


OCO 
OOF 
OED 
OFF 


100 
UF 
120 
13F 
140 
1SF 
160 
17F 


180 
19F 
lAD 
lBF 


1CO 
lOF 
lED 
IFF 


The software diskette contains two files; the develop- 
ment system's executable file and the basic source 
interface routines. The development system's execut- 
able file can run with any PC supporting DOS 3.0 or 
higher. The documented C source routines used to 
interface the PC with the X76041 are provided to sim- 
plify the designers task of generating interface code 
and may be modified to match a particular application. 
• 
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X76041 Development System (Card Reader Version) 


CONTENTS 


• Card Reader with Interface Cable 
• 3.5" Diskette, PC Format 
-Executable 
Development System Software 
-Source 
C Interface Routines 
-Card 
Reader Schematic 


• User Guide 
• Two X76041 Smartcards 


FEATURES 


• Simple PC Based Platform 
• Menu Driven User Interface 
• Programming Editor for Memory Arrays 
• Provides Complete Control of PASS™ E2 
Device Operation 
-Password 
Entry and Programming 
-Configuration 
Registers Programming 


• Simplifies Design and Debug Process 
• Supports Three Stages of Development 


Evaluation-the 
System provides a comprehensive 


platform for evaluating the suitability of the X76041 for 
a smartcard application. It allows for a complete under- 
standing of the device in minutes not hours, by utilizing 
the card reader and graphical user interface software. 


Appraisal-the 
Development System contains the hard- 


ware and generic software routines required to ap- 
praise the "smartcard solution". It saves the associated 
costs (time and money) of developing small numbers of 
hardware units and writing device interface software for 
the application. 


Prototype-the 
XK76C System simplifies design by 


supplying card reader schematic and application code. 
The Development System is invaluable during debug 
for presetting and verifying the X76041 configuration 
and data. 


PASS 
is a trademark 
of Xicor. Inc. 
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The XK76C Development System significantly reduces 
the time involved in understanding, evaluating and de- 
signing in the Xicor X76041 smartcard. It provides 
comprehensive 
hardware and software support that 


includes a card reader and development system soft- 
ware. 


The System is designed to enable users to quickly and 
easily understand the capabilities of the X76041. It is 
an ideal platform for evaluating the suitability of the 
device for a particular application. The development 
system software, used to program and configure the 
device, enables various levels of security to be set and 
tested by attempting to access memory arrays using 
one or none of the passwords. The XK76C provides 
the hardware and application alterable software re- 
quired to appraise the X76041 smartcard solution, sav- 
ing the designer from building an evaluation card reader 


and writing code from scratch. It also serves as an 
effective debug tool during prototype by providing a 
programming and verifying capability. 


The status and values of the X76041's configuration 
registers and four memory arrays are represented by 
the development software using two graphical inter- 
faces. The MAIN interface is used to display the device's 
ISO identification number; enter, display, reset and 
program passwords; display and program configura- 
tion registers; and mass program/erase memory. The 
ARRAY interface is used to read the four memory 
arrays and to enter the array programming editor. The 
various options in each interface are displayed using 
menus and selected using a single key input. 


The System consists of a card reader, two X76041 
smartcards, and a 3.5" software diskette. It is easy to 
use and simple to set up, operating with any IBM 
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compatible PC that is equipped with a parallel printer 
port. The hardware is powered using either a 9 volt 
battery or standard DC power plug. The software dis- 
kette contains three files: the development system ex- 
ecutable file, the source C interface routines, and the 
OrCAD schematic of the card reader. The executable 
file can run with any PC supporting DOS 3.0 or higher. 
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XK84 


X84041 MPSTME2 Development 
System 


DESCRIPTION 
CONTENTS: 


• XK84 software on diskette (PC format) 
-XK84 
development system software 
-X84041 
software routines 
(ANSI C compatible) 
• XK84 add·in card 
• XK84 user's guide 
• Three X84041P DIP parts 


• PC based development system platform 
• XK84 add-in card doubles as PC Bus extender 
• Full feature E2pROMdevelopment system 
software 
-complete 
"programmer" 
software for XK84 
-ready-to-use 
C routines for MPS™E2 
interfacing 
• Add-in card maps into an I/O port address block 
($300 -$31F) under user control 
• Optional CE from target system 
• WP controllable by user 
• 


The XK84 development system is intended to demon- 
strate the simplicity of interfacing an MPS™ E2 to a 
parallel bus system. To this end, Xicor produces an add- 
in card (the XK84) for PCs that includes enough I/O port 
bus decoding to interface to the X84041. However, if a 
designer needs to verify the use of an X84041 with an 
existing prototype add-in card, the XK84 also functions 
as a PC Bus extender socket so that the prototype card 
can be "piggybacked" on top of the XK84. Additionally, 
the 
decode 
circuitry 
on 
the 
XK84 
can 
be 


bypassed in favor of CE decoding from the prototype 
card. In order to guarantee that there are no I/O port 
address mapping conflicts, the address of the XK84 can 
also be chosen 
from among a block of possible 


addresses. The MPSTME2 is socketed so that the card 
can be used to program any number of parts directly. A 
designer could also connect commonly available flat 
ribbon cables to this socket and to an externally 
socketed X84041 in order to expedite the process of 
programming a large number of parts. 


Included with this development kit are routines that can 
be used 
directly 
in existing 
ANSI 
C programs 


simply by adding an "#include" statement and calling 
either the read_X84041 or write_X84041 subroutines. 


When using the XK84 as a prototyping tool, the designer 
would 
use the "programmer" 
software 
under 
PC 


control to help debug both the software and hardware of 
the target system, since this kit allows great flexibility 
when reading from or writing to an MPSTME2. 


The development system's executable program includes 
the ability to load the contents of the device into a buffer. 
That buffer, in turn, will be displayed on the PC screen. 
Also, the designer determines whether to save this 
buffer to disk for later use, to edit any number of bytes 
in the buffer, or to write the buffer back into the device. 
This buffer can also be loaded from ASCII compatible 
files stored on disk, allowing greater flexibility when the 
programming of multiple parts is required. In addition, 
there are several commonly desired test patterns that 
can easily be loaded 
into the buffer through 
the 


menu options. 


The XK84 is also intended as a development system for 
future MPSTME2devices and as such should prove to be 
a useful prototyping and debugging tool for any designer 
interested in Xicor's unique new interface. The XK84 
software requires at least a VGA, MCGA, or IBM8514 
compatible monitor in order to run in the graphics 
mode shown. 
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XK88 SLIC® E2 


80C31 I X88C75 SUC E2PROM Development System 


FEATURES 


• 80C31B MICROCONTROLLER 
• 11MHz system clock 
• 8Kx8 intelligent 
E2PROM ( X88C64 SLiC E2 


or X88C75) 


• DOS based XSLlC communication/configuration 


software diskette 


• Serial communication 
port ( RS232 DB-9 ) 


• Extended memory support 
• Emulation 
mode 


- 
Expansion 
connectors 
for 80C31 or 80C51 


- 
ROM emulator 
- 
Interface option to target system 


• Prototype area 
• 4" x 5.5" form factor 
• Power source alternatives: 
Battery/ 
Power JacklTarget 
system 


SOFTWARE DISKETTE INCLUDING 


• README 
• SLlC.HEX 


• XSLlC.EXE 
• SLlC.DOC 


• SLlC.ASM 
• SLiCNOTE.DOC 


• XK88.SCH (ORCAD SCHEMATICS) 
• XICOR.L1B (ORCAD LIBRARY) 


DESCRIPTION 


The XK88 is an 80C31 based development system for 
the X88C64 and X88C75 SUC (Self Loading Integrated 
Code) E2 products. The system allows users to easily 
integrate their code into the X88CXX SUC E2 product 
and speeds up the design process. The prototype area 
on the board is ideal for small custom circuit design. 
Three power source options are available: external 
power jack, single 9-Volt battery, or from the target 
system. Two push-button switches are used to reset the 
80C31 or generate an external interrupt. 


The XK88 system can operate in two modes: stand- 
alone, and ROM emulation. In stand-alone mode the 
XK88 internally generates all the necessary signals and 
operates independently. 


The ROM emulation mode employes one of the two 40- 
pin headers to interface to the target systems; they carry 
all of the microcontroller signals, J1/80C31 and J2/ 
80C51. Depending onthe SUC E2type integrated onthe 
board, one of the appropriate connectors is used to plug 
into the microcontroller socket on 
the target system 


through the 40-pin shielded flat ribbon cable provided 
with the XK88 system. 


Drawing shows XK88 Development 
Board. Detail Views Show Default 
Factory Settings 
For J6, J7, J8, J9, and J10 
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The XSUC is a DOS based application program with a 
built-in user interface and communication driver. It man- 
ages the programming of the SUC E2 devices by con- 
verting the user's file from either Intel HEX or Motorola 
S19formats to Xicor XCOM format and downloads them 
to the SUC E2device. 
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CONTENTS 


• 3.5" Diskette, PC Format, Double Density 
• Development Board 
• Interface Cable 
• Users Guide 
• Two X9241W DIP Parts 


FEATURES 


• Simple PC Based Plat10rm 
• Menu Driven User Interface 
• Provides for Complete Control of Quad E2POT 
Operation 
-Register 
Values 
-Configuration 
-Wiper 
Position 
• Supports Multiple Quad E2POTs 
• Simplifies Design and Debug Process 
• Provides a Complete Calibration/Adjustment 
System for Systems Utilizing the X9241 
• Supports Two Modes of Operation 


DESCRIPTION 


The Quad 
E2POT 
Development 
System 
has been de- 
vised as a tool to significantly 
reduce development 
time 
of applications 
using the Xicor X9241. 
It greatly 
simpli- 
fies the task of evaluating 
the part and enables 
multiple 
X9241 s to be simultaneously 
programmed 
via a stan- 
dard 
PC. The System 
enables 
the user to quickly 
be- 
come familiar with the operation 
of the Quad E2POT and 
aids 
a designer 
by demonstrating 
the 
benefit 
of the 
device 
in the Target 
System. 


The Development 
System consists of a circuit board, two 
feet of flat ribbon 
cable 
with adjacent 
connectors, 
two 
X9241s 
and a software 
diskette. 
It is easy to use and 
simple to setup, operating 
with any IBM compatible 
PC 
that is equipped 
with a parallel printer port. 


The System allows the user to evaluate 
a part using the 
terminal 
voltage 
outputs 
mounted 
on the 
board 
and 
assist 
design 
by making 
available 
the two-wire 
serial 
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data bus for controlling several external X9241s. The 
PC is interfaced to the development board using any of 
the hosts parallel ports. 


The status and values of the Quad E2POT are repre- 
sented using a single screen output. Various options are 
available and are selected using a series of menus. 


Insertion 
Mode-uses 
an X9241 mounted on the de- 


velopment board to provide the Quad E2POT terminal 
voltage outputs for use by the Target System. Connec- 
tions are made from the development board's resistor 


terminals (VH,Vw, VLl to the analog circuitry in the Tar- 
get System. This allows the user to quickly and effort- 
lessly evaluate the suitability of the X9241 in their circuit. 


Bus Mode-does 
not use an X9241 mounted the de- 


velopment board, but rather controls X9241s placed in 
the Target System. Connections between the develop- 
ment board and the Target System are through the 
SDA and SCL lines, which enable the Development 
System to send control 
signals 
to multiple 
Quad 


E2POTs. This mode is useful in providing off-board 
control in applications where a microcontroller or mi- 
croprocessor is not present at time of manufacture or 
at subsequent service or adjustments. 
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PART NUMBER 
DESCRIPTION 


XK9241W 
Quad E2POT PC Based Development System 


XK76 
PASS™ E2 PC Based Development System 


XK76C 
PASS™ E2 PC Based Card Reader Development System 


XK88 
X88C64/X88C75 
SUC E2pROM Development System for 80C51 Target System 


XK68 
X68C64/X68C75 
SUC E2PROM Development System for 68HC11 Target System 


XK84 
X84041 MPS Serial E2 Device Development System 
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iCD~Application Note 


Variable Gain using E2POTS to alter Bias Currents of 
Transconductance 
Amplifiers 


by Gray Creager, January 1994 


One of the more widespread uses for Xicor's E2POT 
digital potentiometers in mixed signal applications is 
to vary the gain of an operational amplifier stage. To 
this end, these devices have the advantage of easy 
digital interfacing, nonvolatility, 
small package size, 
and low cost. 
However, the E2POTs internal charge 


pumps 
(operating 
between 
800KHz 
- 5MHz) 
can 


couple 
noise 
onto 
the 
analog 
signal 
in 
some 


applications. 
Minimizing 
this noise requires extra 


care during the design stage as well as the inclusion 
of passive components for an RC filter. 


A noiseless alternative would be to use an E2POT as 
a rheostat in order to vary the input bias current of a 
transconductance 
amplifier, 
such as the 
LM3080. 
Linear Technology 
produces a combination current 


feedback amplifier 
with DC gain control that lends 


itself well to such an application. 
For the LT1228, 
both a transconductance 
amplifier 
and a current 


feedback amplifier are included in the same package. 
For the single-ended amplifier circuit in Fig. 1, the 
designer is able to control gain by simply altering the 
wiper position of the E2POT. Using this scheme to 
vary the bias current is a much better solution than 
using a voltage 
output DAC in conjunction with a 


voltage to current circuit. 
The corresponding voltage 


gain for this circuit is given by: 


Furthermore, Isetfor this E2POT configuration can be 
approximated 
as 
the 
following 
function 
of 
tap 


position, where Vr is the voltage drop across a diode, 
Vs_is the negative Op Amp rail voltage, and Reepotis 
the end to end resistance of the E2POT: 
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(5-2V 
-V) 
] 
'Y 
s- 


'set = 
R 
+40+[1- 
TAP](R 
) 
set 
99 
eepot 


A resistor (Rset)is required to limit the wiper current in 
the E2POT. 
For the component values of Table 1, 


the frequency response of Fig. 2 is obtained. 
The 


use 
of 
components 
Rgf, 
Cgf, 
and 
C2 
may 
be 


necessary for stability when other component values 
are used. However, if Rgf is omitted, the voltage gain 
simplifies to: 
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Software Implements 
a High Resolution 
Nonvolatile 


Digital Potentiometer 
by Gray Creager, 
October 
1994 (from a design idea published 
in EDN (6/8/95)) 


In some applications (e.g. dynamic biasing of LASER 
diodes), the use of digital potentiometers or trimDACs 
to control 
voltage 
levels 
is limited 
by resolution, 
accuracy, or interface difficulties. 
Using the simple, 


but not so obvious, Vernier scheme in Fig. 1, which 
consists of an X9241 quad E2POT and a little bit of 
software, an 8001-tap position nonvolatile digital pot 
can easily be implemented that exhibits a typical tap- 
to-tap resolution of 0.008%. 
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The X9241 includes four separate 64-tap nonvolatile 
E2POTs 
with 
a 
mechanism 
to 
serially 
cascade 


adjacent 
POTs, 
allowing 
up 
to 
253 
distinct 
tap 


positions. However if only two POTs are cascaded 
together and the remaining two POTs are used to set 
the levels of VHcasc and VLcasc, then a much higher 
degree of resolution can be attained. 
Since the 


wipers of the POTs that set VHcasc and VLcasc must 
always be 1 position apart, there will be 63 distinct 
voltage intervals applied to the remaining cascaded 
POTs. 
This software neglects one redundant tap 


position 
per interval 
when VW 
is set to tap 64. 


Ideally, 
there 
should 
be 
another 
redundant 
tap 


position when transitioning 
between tap 
127 of a 


particular voltage 
interval 
and tap 0 of the 
next 


voltage interval, however these tap positions are not 
actually redundant and their use can improve 
the 
linearity. 
With 127 distinct outputs for each of 63 


distinct intervals, there are 8001 distinct VW outputs 
available between VH and VL. Fig. 2 illustrates the 
concept behind this scheme. 


POT 2 


64 DISTINCT 
TAPS 


Figure 2 


POTO and POT3 set the voltage interval for POT1/2. 
~ 
As the wiper position of POT1/2 moves up and down, 
•• 
the wiper positions of POTO and POT3 adjust when 
necessary. If the wiper of POT1/2 is incremented 
beyond tap 127, then the wipers of POTO and POT3 
will be incremented and the wiper of POT1/2 will be 
returned to tap O. 
Likewise for decrements of the 
wiper of POT1/2 below tap 0, the wipers of POTO and 
POT3 will be decremented and POT1/2 will be set to 
tap 
127. 
The 
X9241 
is 
nicely 
suited 
for 
this 
implementation 
since tap positions can be directly 


changed in software without the need to transition 
through each intermediate position. 
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1/2 LT1112 
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1/2 LT1112 
(POTs cc:a::a:led) 


VLcasc 
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Due to wiper MOSFET loading' and variations in the 
resistive elements of each pot, a piecewise linear 
behavior appears when transitioning between voltage 
intervals. 
By testing a circuit with a sample X9241U 
(49.37KQ, 49.38KQ, 49.32KQ, 49.24KQ) device, the 
representative resolutions between adjacent taps are 
found and shown in Fig. 4. 
The use of low offset 


unity gain buffers as shown in Fig. 3, as well as 
X9241 devices 
with 
both 
POT1 
and 
POT2 
well- 


matched can improve the linearity at the expense of 
monotonicity. 
To guarantee 
monotonicity 
for any 


X9241 device at the expense of resolution, software 
range transitions could be adjusted to occur between 
tap 127 and tap x (x > 0). The finer resolution within 
each 
voltage 
interval 
would 
provide 
sufficient 


precision, 
however 
connecting 
another 
pot 
as 
a 


rheostat between VH and the VH terminals of POTO 
and 
POT3 
will 
add 
a variable 
voltage 
drop 
for 
"trimming" the output of VW even further and would 
be an alternate method to the use of buffers. 


Figure 3 
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Figure 4 - Wiper Voltage Per Tap Position as a Percentage of Total Applied (VH-VL). 
Inset Graph Shows 
Resolution Between Adjacent Taps as a Percentage of Total Voltage Applied. 
Measurements Taken with 7940 
Tap Implementation (x=1), but without LT1112 Buffers. 


/**************************************************************************/ 
/* 
/* The following routines implement a hi resolution EEPOT with the X9241 . 
/* This C code can be adapted to any system since it is written at a 
/* high level. The low level 12Croutines will be processor/controller 
/* specific and can be extracted from the Xicor BBS (800-258-8864). 
/* For example, the required low level routines may as simple as: 
/* 
/* 
/* 
/* 
/* Since C code exists on the Xicor BBS to drive the X9241 • only those 
/* functions relating to this Vernier scheme are included here. This 
/* code was written and debugged using Borland Turbo C. To use these 
/* routines, just include them into a larger program and call any of 
/* these five routines as desired. 
/* 
/* 
/* 
/* 
/* 
/* 
/* 
/* 
/* 
/* 
/* All necessary record keeping for this scheme is handled automatically by 
/* software. 
/* 


returns integer value between 0 and 8000 
corresponding to current wiper position 
changes wiper position to that specified by n 
where 0 <= n < = 8000 
increments wiper position by one tap 
decrements wiper position by one tap 
performs a nonvolatile store of current wiper 
position 


startO. stopO. SDA_highO. SDA_lowO. SCL_highO. 
SCL_lowO. ackO. nackO. send_byteO. & get_byteO 


eepoC8000_incO 
eepot_8000_decO 
eepot_8000_storeO 


#include <stdlib.h> 
#include "c:\tc\x9241 sub.c" 


int wiper_range, wiper_cascade; 
int x = 0; 


void eepoC8000_moveO 
{ 
startO; 
send_byte(Ox50); 
nackO; 
send_byte(Oxaf); 
nackO; 
send_byte(wiper_range 
+ 1); 


nackO; 
startO; 
send_byte(Ox50); 
nackO; 
send_byte(OxaO); 
nackO; 
send_byte(wiper_range) 
; 


nackO; 
startO; 
send_byte(Ox50); 
nackO; 
if (wipeccascade 
> 63) { 
send_byte(Oxa8); 
nackO; 
send_byte(wiper_cascade 
- 64); 


nackO; 


/* used for "div" function */ 
/* set of 12Csubroutines. from */ 
/* Xicor BBS for example! */ 


/* set VHcasc */ 
/* slave address A3A2A1AO = 0000 */ 
• 


/* set VLcasc */ 
/* slave address A3A2A1AO = 0000 */ 


/* set wiper position */ 
/* slave address A3A2A 1AO = 0000 */ 


/* is wiper position in POT2 ? */ 
/* WCR instruction for POT2 */ 


startO; 
send_byte(Ox50); 


nackO; 
send_byte(Oxa4); 


nackO; 
send_byte(Ox40); 
nackO; 
stopO; 
} 
else 
( 
send_byte(Oxa4); 
nackO; 
send_byte(wiper 
_cascade); 


nackO; 
startO; 
send_byte(Ox50); 


nackO; 
send_byte(Oxa8}; 


nackO; 
send_byte(Ox40); 


nackO; 
stopO; 


void 
eepo'-8000_incO 
{ 
wiper_cascade 
= wiper_cascade 
+ 1; 


if (wiper_cascade 
== 128) 
wiper_cascade 
= x; 
wiper_range 
= wipecrange 
+ 1; 


} 
if (wiper_cascade 
== 64) 
wiper_cascade 
= 65; 


if (wiper_range 
== 63) { 
wiper_cascade 
= 127; 


wiper_range 
= 62; 


} 
eepot_8000_moveO; 


} 
void 
eepo'-8000_decO 
{ 
wiper_cascade 
= wiper_cascade 
- 1; 


if ((wiper_range> 
0) && (wiper_cascade 
== x -1)) 
{ 
wiper_cascade 
= 127 
wiper_range 
= wiper_range 
- 1; 
} 
if (wiper_cascade 
== 64) 
wiper_cascade 
= 63; 
if (wiper_cascade 
< 0) 
wiper_cascade 
= 0; 
eepot_8000_moveO; 


int eepot_8000_readO 
( 


unsigned 
char 
temp1 
,temp2,temp3; 
int temp4; 
startO; 
send_byte(Ox50); 
nackO; 
send_byte(Ox90); 


nackO; 


/* otherwise, 
wiper 
is in POT1 
*/ 
/* WCR 
instruction 
for POT1 
*/ 


/* inc wiper 
*/ 
/* change 
range? 
*/ 


temp1 
= get_byteO; 


ackO; 
startO; 
send_byte(Ox50); 
nackO; 
send_byte(Ox94); 


nackO; 
temp2 
= get_byteO; 


ackO; 
startO; 
send_byte(Ox50); 


nackO; 
send_byte(Ox98); 
nackO; 
temp3 
= geCbyteO; 


ackO; 
stopO; 
if ((temp2 
& OX40) != 0) 
temp2 
= 63; 


temp2 
= temp2 
& Ox3f; 


if (temp2 
== 63) 
temp3 
= temp3 
& Ox3f; 


temp3 
= 0; 


retum(temp1 
* (127 
- x) + temp2 
+ temp3); 


void 
eepoC8000_write(int 
position) 
( 


div_t 
temp; 
if (position> 
126) ( 
temp = div(position 
- 126,127 
- x); 


wipecrange 
= temp.quot; 
if (temp.rem 
> 63) 
wiper_cascade 
= temp. rem + x; 


} 
else 
{ 


wiper_range 
= 0; 


wiper_cascade 
= position; 


} 
if (wiper_cascade 
== 64) 
wiper3ascade 
= 65; 


eepot_8000_moveO; 


void 
eepot_8000_storeO 
( 


startO; 
send_byte(Ox50); 
nackO; 
send_byte(Ox80); 
nackO; 
stopO; 
delay(10); 


/* is wiper 
of POT1 
disabled? 
*/ 


/* yes, 
then 
wiper_cascade> 
63 */ 


/* no, then 
wiper_cascade 
<= 63 */ 
/* is wiper 
of POT1 
disabled? 
*/ 


/* yes, 
extract 
wiper 
from 
POT2 
*/ 


/* no, POT2 
wiper 
is disabled 
*/ 
/* return 
position 
value 
*/} 


/* if wiper_range> 
0 */ 
/* gets 
quotient, 
remainder 
*/ 


iCO~ Application Note 


Wien Bridge Oscillators 
using E 
2POTs 


by Applications Staff, October 1994 


Wien Bridge Oscillators 
In 1939, William R. Hewlett (later of Hewlett-Packard 
fame) first combined the network described by Wien 
in 1891 with a gain stabilizing element in a bridge 
configuration, to produce an oscillator based on a 6J7 
vacuum tube. Few circuit designs can match the low 
distortion, good amplitude stability, ease of tuning, 
and circuit 
simplicity 
offered 
by the Wien 
bridge 


oscillator. 


The Wien bridge oscillator is based upon an amplifier 
with two feedback paths, making up the two arms of 
the 
bridge. 
One 
arm 
of the 
bridge 
is the Wien 


network, 
which 
provides 
the 
frequency 
tuning 


elements, 
and 
another 
arm 
which 
establishes 


amplitude 
equilibrium. 
Figure 
1 
shows 
the 


configuration using an Operational Amplifier. Positive 
feedback is provided by the Wien network comprised 
of 
equal-valued 
C1, 
R1, 
C2, 
and 
R2 elements. 


Negative feedback is provided by R3 and R4. 


To understand how the Wien bridge oscillator works, 
assume that at power-up, the negative feedback is 
made less than the positive feedback. Oscillation will 
start to occur at the frequency where the phase shift 
and amplitude 
attenuation 
in the Wien 
arm 
is a 


minimum. Figure 2 shows the response functions for 
magnitude and phase from the amplifier output to the 
noninverting (+) input with C=O.01~F and R=10KQ. 
Notice that when the phase equals zero degrees, the 
magnitude of the positive feedback 
is a maximum 


and 
equal 
to 
1/3. 
The 
oscillator 
amplitude 
will 


continue to increase until the amplifier saturates (and 
produces horrible square waves) or until amplitude 
equilibrium 
is 
maintained 
below 
saturation 
by 


adjusting the ratio of R3 and R4. Hewlett did this by 
taking 
advantage 
of 
the 
positive 
temperature 


coefficient of an incandescent lamp. It is interesting 
to note that when equilibrium is reached, the negative 
feedback factor will also be 1/3 (in a practical circuit, 
due to non-ideal components, the negative feedback 
will be slightly less). 


• 


R4 


R-feedback 


A Wien bridge Oscillator with E2POTs 
Notice that to change frequency, it is necessary to 
either change both Rs or both Cs of the network and 
that the Rs or Cs have to change by the same 
amount or "track" each other. Hewlett accomplished 
this by using a pair of ganged air-variable capacitors 
mechanically linked to a tuning knob. You could get 
similar 
results 
by 
using 
a 
pair 
of 
ganged 


potentiometers instead. 


However, ganged variable 
capacitors and resistors 


are rather bulky and expensive mechanical items that 
require 
manual 
adjustment 
to 
change 
frequency. 
Since a pair of Xicor E2POTs can be electronically 
ganged 
together, 
they 
can 
provide 
a solid 
state 


solution and eliminate the need for any mechanical 
mounting 
considerations 
involved 
with 
the 
air- 


variable capacitors or the ganged mechanical pots. 
The benefit of using these digital pots is that the 
control circuitry 
can be located remotely from the 


actual oscillator since the pots are controlled digitally, 
you don't have to worry about the frequency being 
inadvertently bumped out of adjustment. 


Circuit description 
Figure 3 shows the Xicor X9C103 E2POT in a Wien 
bridge circuit along with remote pushbutton control 
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circuitry. 
The 
frequency 
is 
determined 
by 
the 


combination 
of 
C1, 
C2, 
R1+U1, 
and 
R2+U2. 


Assuming 
that 
C1=C2 
and 
R1+U1=R2+U2, 
the 


frequency is: 


f = 
1 
(27tC1(R1+U1)) 


The negative feedback is set by the combination of 
R3, R4A, R4B, and 01. 01 in parallel with R4B, plus 
R4A, forms 
the 
shunt 
elements 
in the 
negative 


feedback 
path. The 
channel 
resistance 
of 
01 
is 


controlled by the amplitude detector circuit comprised 
of CR3, 
U3B, R11, and C7. 
U38 
compares 
the 


positive peaks of the oscillator output detected by 
CR3, to the voltage reference established by R11 and 
R12. The amplitude detector scheme automatically 
sets the negative feedback so that the peak output 
just equals the reference voltage. 
This 
limits the 
oscillator voltage swing so that U3A does not saturate 
and maintains the amplitude 
equilibrium, 
which is 


important when generating sine waves. To ensure 
that cycle by cycle limiting is not occurring, the time 
constant of R11 and C7 is much longer than the 
lowest frequency which the oscillator can be tuned. 
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Beyond the fact that equal valued Rs and Cs must be 
used in the Wien 
arm of the oscillator, 
there is 
nothing critical about the components used. Any Op 
Amp can be used as long as the input or output 
common mode voltage ranges are not exceeded. The 
FET can be most any N-channel device as long as 
R11 and C7 are optimized to keep the gain control 
loop stable. 


This circuit design can be modified to suit just about 
any application. For example, you may wish to add 
an additional Xicor E2POT in place of R13 in order to 
control 
the 
output 
amplitude. 
You 
could 
also 


implement 
digital 
range 
selection 
by 
using 
a 


MOSFET switch to select alternate values of C1 and 
C2 in decade increments. This should allow selection 
of decade ranges of 20Hz to 200Hz, 200Hz to 2KHz, 
2KHz to 20KHz, and 20KHz to 200KHz. 


Performance 
Naturally, for the oscillator to work properly, the two 
digital pots have to be initially ganged together. This 
is accomplished 
simply 
by 
holding 
either 
of 
the 


controller pushbuttons down for at least 100 steps. 
After this procedure is performed, the pots will always 
"track" and the frequency 
can be set as desired. 


Figure 4 shows the output frequency verses step 


number. With the values used in the schematic the 
frequency range should be approximately 
2KHz to 


20KHz in 100 steps. The output amplitude is 2.2VRMS' 


The total 
distortion 
and noise of this circuit 
was 


measured to be approximately 0.5% and most of the 
distortion 
products 
are 
second 
harmonics. 
This 


second harmonic is caused by the channel resistance 
of the gain control FET, 01, being modulated by the 
oscillator 
frequency. 
You 
can 
further 
reduce 
the 


distortion by adding a small amount 
of 01 drain 


signal onto the gate with an appropriate 
resistor 


divider network. 


The amplitude stability of this oscillator is excellent 
with no change in output being perceptible over the 
full range. No doubt, this is why these oscillators 
proved to be so useful in test application. 


Remember, one of the advantages of the E2POTs is 
their nonvolatility, 
so the frequency will always be 


maintained, even if the oscillator and controller 
is 


powered-down. In fact, after the frequency is set, the 
controller can be removed. This circuit could prove 
useful in embedded 
built-in test equipment 
(BTE) 


applications 
where 
it 
is 
desirable 
to 
have 
a 


programmable oscillator with low distortion and good 
amplitude stability. 
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Remotely Adjustable 
Voltage Regulators using E2POTs 


by Applications Staff, October 1994 


This note shows how an X9312 can be used to 
implement a remote, adjustable regulator. The LM317 
is 
probably 
the 
most 
common 
adjustable 
three- 


terminal voltage regulator in use today. Often it would 
be desirable to adjust these regulators remotely, but 
extending 
the 
adjustment 
rheostat 
any 
distance 


introduces noise and instability. Xicor's X9312 E2POT 
can provide a simple solution. By using this E2POT, 
the voltage output of the LM317 can be set using a 
simple 3-wire digital 
interface over practically 
any 


distance. 


Figure 1 shows the LM317's usual adjustment resistor 
replaced with the 10KQ version of the X9312. The 
pushbutton control circuitry would be located remotely 
(on a separate board). The adjustment range can be 
set remotely to fit an application by changing R7, just 
remember not to exceed the VH or VL maximum limit 
of +15 volts. 


The standard formula for output voltage naturally still 
applies: 


where Vref = 1.25V 


Rref = R7 


Rpot = 0 to 1OKQvalue for U1 in 99 steps. 


ladj = approx. 50IJA of current from the 
adjustment pin of the LM317 


Figure 1 shows the control circuitry connected via a 
10-pin connector. 
This 
allows 
an 
LM317 
voltage 


regulator to be set and then for the control circuitry to 
be removed. In this configuration, it's a good idea to 
include a pull-up resistor on all of the control lines 
(R9, R10, and R11) to assure that inadvertant E2POT 
changes do not occur. 
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Application Note 


Controlling 
an LM555 Astable Oscillator using E2POTs 


by Applications Staff, October 1994 


An E2POT can be used for control in any of the 
standard LM555 timer/oscillator circuit configurations. 
These 
nonvolatile 
digital 
potentiometers 
allow the 


frequency of an astable oscillator (for example) to be 
conveniently 
adjusted without the need to manually 


twist a screwdriver adjustment on a potentiometer. A 
typical application 
might be one which requires an 


adjustable frequency source as part of some built in 
test equipment. 


Figure 1 shows the typical connection for the astable 
mode of operation. Typically, in this mode, the timing 
is given as: 


Thigh= 0.693(Ra + Rb)C,and 


Tlow = 0.693(Rb)C. 


The problem with this setup is that a 50% duty cycle 
can only be approached when Rb is much greater 
than R . 
a 


Figure 
2 
shows 
another 
astable 
oscillator 


configuration which takes advantage of the versatility 
of these Xicor E 


2POTs. Notice here that Rb consists 


of U1 in series with 
R1, and that no Ra is used. 


Instead Rb is connected to the output of the LM555 
timer (U2). This configuration now has a nearly 50% 
duty cycle with; 


\i9h = Tlow = 0.693(R1 + U1)C. 


or 


f =..!- = 
0.722 
T 
(R1+U1)C 


In this circuit, 
a CMOS 
ICM7555 
timer 
is used 


because 
it 
has 
very 
similar 
source 
and 
sink 


capabilities, and with the component values shown 
produced a 50% ±4% duty cycle over a range from 
900Hz to 30KHz. 
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Shaft Encoder Drives Multiple E2POTs 
by Applications Staff, October 1994 


Suppose a circuit design requires the sprinkling of a 
significant number of control potentiometers around, 
but there is only enough room on the front panel for 
one knob. Alternately, for aesthetic reasons or due to 
other design considerations, it is only desired to have 
one control for a number of seldom adjusted, but 
essential control functions. A shaft encoder, some 
simple circuitry, 
and Xicor E 


2POTs can provide a 


versatile 
and 
unique 
solution 
for 
these types 
of 


issues. 


Shaft angle encoders are available at low cost from a 
number of manufacturers. Many of these devices can 
output two signals in phase quadrature (90 degrees) 
with typically from 1 to 10,000 pulses available per 
revolution. By counting the number of transitions on 
both phases, the shaft angle of the control can be 
electronically resolved. By using one of the phases as 
a reference, the direction that the shaft was turned 
can also resolved. 


The particular shaft encoder shown in Figure 1 is 
capable of encoding sixteen positions per revolution, 
though other encoders can be selected with different 
angular resolutions. Each channel of the encoder has 
four electrical cycles per revolution, or in other words, 
the electrical 
phase goes through 360 degrees for 


every 
90 degrees of mechanical 
rotation. 
In any 


complete rotation of the shaft, there are a combined 
total of 16 level transitions (8 transitions per phase). 


In the Figure 1, U7A and U7B are used as Schmitt- 
trigger buffers for the two phase channels out of the 
Grayhill 
shaft 
encoder. 
The 
XOR 
gate 
(U6B) 


essentially adds these two phases to produce an 8- 
cycle per revolution 
signal. 
U6C along with delay 


network R1/C2 form a one-shot which produces one 
pulse for every 
HIGH to LOW or LOW to HIGH 


transition from U6B. There are now 16 position pulses 
per revolution, with only the direction of the shaft 
rotation to be determined. This is accomplished by 
U6A and delay network R7/C4. If the shaft were being 
rotated at a constant velocity, say by a motor, the 
R7/C4 delay network would not be required since the 


U6A output would always be in a defined direction- 
indicating state, on the LOW going edge of the one- 
shot output formed by U6C. Since the shaft is going 
to be rotated by hand, and erratic direction changes 
could 
take 
place, 
there 
exists 
the 
possibility 
for 


direction 
ambigUity. This 
is solved 
by the 
delay 


network R7/C4 which stores the direction that the 
shaft was going at the time that the one-shot pulse 
was produced. Notice that the time constant for the 
direction delay is much longer than the one-shot time, 
ensuring that the direction will be valid on the falling 
edge of the increment pulse coming from the output 
of U6C. 


Because 
the 
E2POTs 
should 
remember 
the 
last 
setting on power-down, it is required that 
INC be 
HIGH before CS goes HIGH. This is ensured by two 
timing 
networks consisting 
of the increment-invert 
network (CR2, R12, C7, U10A, U10B, and U10C), 
and the chip-select network (CR1, R2, C6, and U6D). 
The 
increment-invert 
circuit 
is 
essentially 
an 
increment pulse detector that holds U10B in the non- 
inverting 
state 
whenever 
an 
increment 
pulse 
is 
detected. The non-invert period is approximately ten 
times as long as an increment pulse. This allows the 
INC input on the selected E2POT to return to a HIGH 
state after the last falling pulse edge has incremented 
the pot. Since the time constant of the chip-select 
network is even longer, the CS input on the pot will 
~ 
be the last to 
return to a HIGH state 
after the 
~ 
increment 
pulse, 
thereby 
ensuring 
that 
the 
pot's 
current 
wiper 
setting 
is 
stored. 
Close 
inspection 
reveals that U10B is a follower when an increment 
pulse is present or recently received, but becomes an 
inverter 
after 
the 
increment 
pulse 
is 
gone, 
thus 
returning INC to a HIGH state. 


A 4-bit shift register is formed by U8 and U9 which is 
clocked 
by the pushbutton switch included 
in the 
Grayhill shaft encoder. The shift register is preset on 
power-up by U7D with "1000", this selects the first 
E2POT. Whenever a CS pulse is generated by U6D, 
it is NANDed with the output of the shift register by 


U5 and 
determines 
which 
pot 
will 
be 
selected. 
Subsequent button pushes on the shaft encoder will 
select the next pot in the sequence. The length of the 
shift register can be extended as desired. Naturally, a 
variety of shift register schemes will work as well as 
the one shown, the only problem being the ability to 
determine which pot is active. Here, the use of the 
four 
LEDs 
serves 
as a simple 
index 
pointer 
to 


indicate the active pot. 


The 
schematic 
shows 
an 
application 
using 
four 


X9C103 type E2POTs. Also notice that the Vh and VI 
pot terminals are connected to supply and ground 
merely for the purpose of this application, 
however 


these terminals 
can be connected 
to any voltage 


levels, as long as the maximum terminal voltages are 
not exceeded. 


• 


Application Note 


Digital Audio Amplifier Gain Control using Logarithmic 
E2POTs 


by Applications Staff, January 1994 


Often the power amplifier stage of a communications 
device is located some distance from the control 
panel. The typical solution is to mount the volume 
control on the front panel and run a pair of shielded 
cables back to the power amplifier stage. A better 
solution is to use the Xicor X9314 logarithmic taper 
digitally controlled potentiometer. This completely 
eliminates the need for shielded cables since the 
digital pot can be located on the printed circuit board 
near the low level input stages of the power amplifier. 
The up/down volume switches can be located yards 
away as these are merely low speed TTL signals. 


Circuit Description 
Figure 1 shows the X9314 with the low voltage LM386 
power amplifier. This circuit will produce 250mW of 
audio power with only a 5V DC source. Figure 2 is a 
similar circuit that uses the higher power LM380 and 
is capable of delivering over 1W of audio if a 12V DC 
source is available. Either circuit will provide plenty of 
sound for intercom, communications, or monitoring 
applications. The 1W circuit would be preferred when 
higher ambient noise is present, such as in an 
automobile. 


A 74HC132 quad Schmitt nand gate (U2) plus a few 
discretes are all that are required to interface to U1, 
the X9314W 10KQ E2POT. When either pushbutton 
switch, S1 or S2, is depressed, U2A output will be 
HIGH. This immediately brings U2B output LOW 
which 
enables the 
E2POT. 
After 
a 
short delay 


determined by R3 and C3, the astable multivibrator 
(U2C) will begin generating increment pulses. The 
frequency of the oscillation (and consequently the 
speed at which the volume can be controlled) is 
determined by C1 and R1. The values shown will 
advance the X9314 through all 32 wiper taps in about 
5 seconds. R1 can be changed from 5KQ to 1MQ to 
suit your preference. When the pushbutton switches 
are released, R2 and C2 delay the release of the 
X9314 chip select in order to ensure that the last 
increment pulse is written. 


The X9314W needs little else to apply it to most 
audio circuits, but C9 has been included here to 
remove any DC component that may be present on 
the input signal. Also, lowpass filter 
R7 and C8 
removes residual high frequency noise from the 
digital pot's internal charge pumps. 


The LM380 and LM386 power amplifiers have fixed 
gains of 34dB and 26dB respectively. The gain of the 
LM386 
can 
be 
increased 
to 
46dB 
(X200) 
by 


connecting a 10uF capacitor from pins 1 to 8. The 
positive pole of the capacitor should be connected to 
pin 1. The output snubber network (R6 and C5) is 
required for stability and should be located close to 
the 
output 
pin 
of 
the 
power 
amplifier. 
These 
amplifiers have fairly high gain and wide bandwidths, 
so be careful with PCB trace lengths. All connections 
to these amplifiers should be as short and direct as 
~ 
possible. 
•• 
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Op Amp Gain and Offset Trim using E2POTs 
by Applications Staff, October 1994 


Many 
system 
configurations 
require 
multiple 


transducers to be normalized for gain or offset, prior 
to further A to D conversion or signal processing. The 
Xicor X9241 quad E2POTs can provide an elegant 
and efficient solution for performing these tasks under 
microprocessor control. 


The configuration 
in Figure 1 shows two dual Op 


Amps being controlled by a single quad E 


2POT. The 


gain 
range 
in this 
configuration 
can 
be trimmed 


between -0.5 to -2.0 over 64 steps. Increasing R5 and 
R6 (the feedback 
determining 
network in U2a for 


example) to 100Kil will change the gain trim range to 
between -0.91 to -1.1. The inverting 
configuration 


shown is particularly 
suitable as this allows inputs 


signals to vary from ±10V without violating the digital 
pots terminal voltage specifications of ±5V. 


An offset trimming configuration is shown in Figure 2 
for the same pair of dual Op Amps. This configuration 
yields an offset trimming range of ±400mV over 64 
steps. 
The 
offset 
range 
can 
be 
increased 
or 


decreased by changing the value of R13 (in amplifier 
U2a 
for 
example). 
Changing 
R13 
to 
1Mil 
will 


decrease 
the 
offset 
range 
to 
±40mV 
if 
finer 


resolution, 
but 
less 
range 
is 
desired. 
This 


configuration also ensures that the X9241 is operating 
within the specified terminal voltage 
range of less 


than ±5V. 


Potpourri 
Amplifier 
Figure 3 illustrates a microprocessor controlled circuit 
that can provide adjustable gain from -1 to infinity 
with two of the pots of the quad X9241W E2POT. The 
other two pots can be ganged together 
using the 
cascade 
mode 
for 
extended 
offset 
range. 
The 
purpose of this circuit is not to solve a particular 
analog 
signal 
processing 
problem, 
but 
rather 
to 


demonstrate the analog control flexibility that can be 
attained with the X9241. 


With R2 set to 0 and R1 set to 63, the overall gain 
from input to output will be -1. Gain values in the 
range 
0 
to 
-1 
can 
be 
set 
over 
64 
steps 
by 


incrementing the value of R1. Setting R1 back to 0 
and setting R2 to 32 results in an overall gain of +1. 
Increasing R2 to 63 yields a gain of plus infinity. This 
is essentially a positive comparator with the threshold 
level being set by the cascade combination of ROand 
R3. The National Semiconductor's LMC6482 is nice 
amplifier for this application because of its rail-to-rail 
input and output range. 
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Tone, Balance, and Volume Control using a Quad E2POT 
by Applications Staff, October 1994 


Imagine the possibilities of being able to integrate full 
audio tone, balance, and volume control into your 
multimedia 
computer 
product, without 
having to 
resort to any manual knobs. Naturally you could do 
that 
with 
a 
bunch 
of 
DACs all 
running under 
microprocessor control, but what happens if the audio 
amplifiers and sound generators come alive before 
the processor has had a chance to reload the preset 
values into the DACs. You could get blasted before 
the initialization sequence is complete. 


Fortunately Xicor has solved this problem with the 
X9241 E2POTs. These devices can store the last 
position set by control and automatically reload these 
values into the pot tap registers upon power-up. 
Shown in the figure is the Xicor X9241U quad 50KQ 
E2POT used to control the treble, bass, balance, and 
volume 
parameters of the 
LM1035 stereo audio 
processor. Unlike a conventional DAC, the Xicor 
devices can reload the last value, or a preset value, 
into the tone/balance and volume 
registers upon 
power-up, 
so 
you 
get 
predictable 
sound 
level 


conditions without any danger of over-driving the 
power amplifier. 


The 
two 
channel 
stereo circuit 
shown 
provides 
approximately ±15dB of bass and treble boost (or cut) 
along with a 70dB balance and volume control range 
with the values shown (consult the LM1035 data 
sheet for full details and other configurations). It's a 
good idea to run the X9241 from an analog power 
supply in order to minimize noise picked-up from any 
digital circuits. The circuit shown uses the current 
source from within the LM1035 to provide power to 
the X9241. It would be nice to use the internal zener 
voltage regulator on the LM1035, but it is rated 
typically at 5.4V and the maximum supply voltage for 
the X9241 is 5.5V. An external shunt regulator (VR1) 
is used to maintain the supply voltage input to X9241 
at a nominal5V. 


The full functionality and performance of the LM1035 
is not impaired in any way by using E2POTs. The 
audio processing possibilities using the combo are 
many and varied, 
just 
remember 
to 
use 
good 
grounding and shielding techniques to minimize hum 
and noise. 
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Application Note 


Power Supply and DC to DC Converter Control using E2POTs 
By Richard Downing, October 1994 


Introduction 
The output voltage of power supplies and DC to DC 
converters is regulated by dividing down the output, 
comparing it with a stable reference, amplifying the 
error, and then using this error signal to control the 
input to output power transfer. Many applications use 
an 
expensive 
and 
unreliable 
mechanical 
potentiometer in the divider to precisely set the output 
voltage, as shown in Figure 1. 


For fixed 
output 
supplies, 
manually 
adjusting the 
mechanical 
pot 
is a costly 
and time 
consuming 
operation that is prone to error. Physical access to the 
pot must be provided, which often requires less than 
optimal PCB layout and additional access holes in the 


Power 
Stage & 
Filters 


VO=VR (1 + _R_1_ 
) 
R2+ Rp 


chassis of enclosed units. Though initially set during 
production, the mechanical pot is subject to shock 
and 
vibration, 
incurring 
wiper 
position 
changes. 


Humidity and moisture can result in resistive changes 
and the prying hands of service technicians or end 
users can also affect accuracy. 
For variable output 
supplies, 
mechanical 
pots 
prevent 
the 
option 
of 
automated or remote adjustment. 


To overcome these problems, a potentiometer would 
have to be electronically programmable 
in order to 
eliminate costly and potentially 
inaccurate 
manual 
settings, nonvolatile so as to power-up at the proper 
setting, and reprogrammable for testing in the factory 
or for adjustments in the field. 


Implementing Designs with E2POTs 
An 
example 
of 
a 
part 
that 
meets 
all 
of 
these 


requirements 
is the X9CMME 
from 
Xicor, 
shown 
in 


Figure 
2. This 
electrically 
erasable, 
programmable 


nonvolatile 
potentiometer 
(E 


2POT) 
greatly 
simplifies 


manufacturing 
and 
test, 
and 
with 
a wiper 
position 


retention 
in excess 
of 
100 years, 
can 
significantly 


increase field reliability. 
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Available 
in a-pin 
DIP or SOIC 
packages, 
the 
100 


wiper position 
X9CMME 
is easily implemented 
into a 


circuit. 
Terminal 
connections 
are made in the same 


way as a mechanical 
pot. The part's three control lines 


can be brought 
out through 
a connector 
to automate 


programming 
and 
to 
test 
equipment, 
as shown 
in 


Figure 3. 


INC, uiiS, and CS pins control the setting of the wiper. 
Pulling CS LOW enables the part. Each HIGH to LOW 
transition 
on 
the 
INC 
line 
increases 
or 
decreases 


(depending 
on the state of UiiS) the resistance 
of the 


pot. After reaching the desired output voltage, the final 
wiper setting can be stored in nonvolatile 
memory by 


bringing 
CS HIGH while INC is HIGH. This ensures 


that the X9CMME 
powers-up 
at the last setting. It may 


appear 
that this 
is the only operating 
sequence 
for 


power supply 
applications, 
but there 
is at least one 


important scenario where wiper position storage is not 
required. 


Ul 


INC 
VH 
UfD 
VW 
cs 
VL 


X9CMME 


Overvoltage Testing 
Overvoltage 
(OV) 
testing 
has 
always 
presented 
a 


challenge 
to 
the 
manufacturing 
engineer. 
If 
a 


mechanical 
potentiometer 
is 
available, 
it 
must 
be 


adjusted 
manually to test the OV protection 
circuitry 


and then 
readjusted 
to reset the 
output 
voltage. 
If 


there 
is no potentiometer 
in the system, 
or even 
if 


there is one that is not easily accessible, 
an external 


power supply must be connected to the unit under test 
(UUT). 
The 
voltage 
on the 
external 
supply 
is then 


raised 
while 
monitoring 
the 
UUT, 
to determine 
the 


point 
at 
which 
it 
shuts-down. 
This 
often 
requires 


observation 
of waveforms 
internal to the UUT that are 


also difficult to access, 
compounded 
by the fact that 
the UUT control circuitry may obscure the response of 
the 
OV 
protection 
circuitry. 
This 
cumbersome 


procedure 
can 
be 
eliminated 
through 
the 
use 
of 


E2POTs. 


If the output 
voltage 
in Figure 
3 is 5V, with a 2.5V 


reference, and R1 is 10KQ and R2 is 4.99KQ, a good 
choice 
of 
E2POT 
for 
voltage 
regulation 
and 


overvoltage 
testing 
would 
be 
the 
X9C103 
(10KQ 


version of the X9CMME.) 
Having adjusted 
the output 


voltage to meet spec. at some nominal line and load, 
and after storing this setting in nonvolatile 
memory by 


deselecting 
the part with INC HIGH, the testing of the 


power supply can begin. When the OV portion of the 
test 
is reached, 
the output 
voltage 
is increased 
by 


toggling the INC pin of the E2POT while holding 
uiiS 


LOW. Upon reaching the OV trip point and the supply 
shutting-down, 
the final 
value 
of the 
output 
voltage 


can 
be automatically 
recorded 
and 
compared 
to a 


maximum 
allowable 
value. 
The 
automatic 
test 


equipment 
(ATE) 
could then 
generate 
a pass/fail 
response. Provided CS does not transition from HIGH 
to LOW with 
INC HIGH, the OV trip point wiper 
position will not be stored and the E 
2POT will return to 
the 
previously 
calibrated 
regulation 
voltage 
upon 
power-up. 
This 
approach 
provides 
an 
accurate, 
automated means of overvoltage testing. 


The X9CMME provides 100 tap positions for terminal 
voltages of ±5V and is available in 1KQ, 10KQ, 50KQ, 
and 100KQ versions. The X9312 gives an extended 0 
to 
15V terminal 
voltage capability and the X9313 
provides an inexpensive 32 tap alternative. All single 
E2POTs share the same pinout and are available in 
DIP and SOIC packages. 


Quad E2POT 


For multiple output power supplies or in applications 
where resolution greater than 100 wiper positions is 
required, Xicor offers the X9241 Quad E2POT, shown 
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in Figure 4. Designed to interface directly with a 
microcontroller, 
the 
X9241 
can 
be 
directly 
programmed 
with 
a 
wiper 
position 
or 
incremented/decremented 
tap-by-tap 
like 
the 
X9CMME. 


The Quad E2POT contains four 64 wiper position pots 
in a single 20 pin package. Each pot has a wiper 
counter register (WCR) that controls the wiper position 
and four nonvolatile registers that store wiper settings. 
The part provides four pins for device addressing, 
allowing as many as 16 devices to share the same 
bus, using an instruction oriented protocol. Registers 
and wiper positions can be read and written by the 
ATE using a two-wire bidirectional serial interface. 
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Figure 5 


Internal 
support 
is 
available 
for 
cascading 
pots 


together in series or parallel to increase resolution and 
provide larger or smaller 
potentiometer 
values. These 


cascading 
configurations 
can be implemented 
in any 


number of ways using two or more pots. For example, 
using the X9241 M (2Kn, 
10Kn, 
10Kn, 
50Kn 
combo 


version), 
two pots to can be used to give a fine and 


course 
adjustment 
for 
setting 
the 
regulated 
output 


voltage 
and 
testing 
the 
overvoltage 
circuitry. 
This 


configuration 
is shown in Figure 5. Pot 3 can be used 


to provide 
course 
adjustment 
with 
800n 
(50K!1/63) 


steps and pot 0 to rpovide fine adjustment 
with 32n 


(2K!1/63) steps. The wiper position 
is changed 
using 


the 
incremenUdecrement 
or write 
WCR 
commands. 


Wiper 
settings 
are stored 
in nonvolatile 
memory 
by 


directly 
writing 
to data 
registers 
or transferring 
data 


from 
WCRs 
to 
data 
registers. 
Each 
pot's 
WCR 
is 
loaded with contents of data register 0 upon power-up. 


The X9241 is a ±5V terminal 
device available in 2Kn, 
10Kn, 
50Kn, 
and combination 
versions, 
with either 


DIP or SOIC package options. This digitally controlled 
IC 
greatly 
simplifies 
and 
automates 
manufacturing 


and 
test. 
Like 
the 
X9CMME, 
nonvolatile 
storage 


retention of the X9241 is at least 100 years, providing 
a significant increase in field reliability. 


Conclusion 
Nonvolatile 
digitally 
controlled 
E2POTs 
provide 


significant 
advantages 
over 
mechanical 


potentiometers 
for 
power 
supplies 
in 
both 


manufacturing 
and in the field. Automated 
assembly 


and 
test 
provide 
labor 
savings, 
while 
increasing 


repeatability 
and eliminating 
human 
error. 
Immune 
to 
shock 
and vibration, 
and with superior 
resistance 
to 


environmental 
stress, 
E2POTs 
increase 
long 
term 


reliability. In the never ending struggle to cut costs and 
increase 
quality, 
Xicor 
E 


2POTs 
are 
a 
major 


enhancement 
in the design of power supplies and DC 
to DC converters. 
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Designing 
with Xicor e2pOTs 


by Gray Creager, 
December 
1994 


Introduction 
The use of 
Xicor's nonvolatile digital potentiometers 


(E2POTs) can simplify and/or solve many mixed 
signal 
design 
problems, 
however 
in 
some 


applications, 
a 
deeper 
understanding of 
E2POT 


technology 
may 
be 
required 
during 
the 
design 


process. 
In this 
note, additional information is 


provided 
relating 
to 
resolution, 
wiper 
noise, 
temperature coefficients, 
wiper current limitations, 


wiper leakage current, terminal voltage limitations, 
independent linearity, frequency response, hysteresis, 
reliability failure rates, NMOS and CMOS device 
differences, and logarithmic tapers. 
A summary of 


available E2POTs and associated parameters is also 
included to aid the designer in choosing the correct 
device. 
Using the information and tips provided, a 


designer should be able to overcome most design 
problems that could be encountered. 


Resolution 
Simply put, the resolution of a potentiometer is a 
measure of the difference between adjacent tap 
positions. 
In a ratiometric application, this would 


correspond to a voltage step, whereas in resistive 
applications, the resolution more closely corresponds 
to an incremental resistance. A theoretical resolution 
can be defined as a measurement of the sensitivity to 
which the 
output ratio may be adjusted and is 


equivalent to the reciprocal of the number of taps 
(neglecting tap zero) expressed as a percentage. 
The precision with which this can be set is often 
called the adjustability or settability. 
On standard 


E2POTs, either 100, 64, or 32 taps are available to 
the 
hardware designer, 
providing 
resolutions of 


1.01%, 
1.59%, and 3.23% 
respectively. 
These 


resolutions are approXimately constant from tap to 
tap 
(though 
the 
relative 
linearity 
is 
more 


conservatively 
specified 
to 
be 
20%) 
and 
the 


potentiometer exhibits monotonic behavior as the 
wiper is moved. 
With quad devices (i.e. X9241), 


internal cascading can be implemented with software 
commands, 
allowing 
up 
to 
253 
taps 
(0.39% 


resolution). On the newer generation E2POTs, even 
higher resolutions will be possible using dual 128 tap 
and dual 256 tap devices. 
However, with standard 
E2POTs, extremely 
high 
resolutions are 
already 
possible with external hardware or the use of certain 
software schemes (see Xicor application note AN43 
"Software Implements a High Resolution Nonvolatile 
Digital Potentiometer"). 
A similar analysis will hold 
for 
E2POTs connected as 
rheostats, however it 
should be noted that there will always be a small 
MOSFET channel resistance in series with the wiper 
terminal, due to the NMOS wiper transistor switch, 
which limits the minimum possible resistance in those 
applications. 
This 
wiper 
resistance 
can 
even 
manifest itself to 
a 
lesser extent 
in 
ratiometric 
applications by adding a term to the voltage divider 
expression. 
A simple formula to determine the 
channel resistance of these long channel NMOS 
wiper transistors (operated in the triode region) on is 
given in Eq. (1.1), along with the conditions for the 
triode region of operation in (Eq. (1.2)). 


VGS-V.>VOS>O 
(1.2) 


It can be seen from Eq. (1.1) that the MOSFET 
channel resistance is inversely proportional to VGs. 
Since the source of the transistor is connected to the 
wiper terminal (which can have a varying voltage), 
the gate voltage of the wiper transistor in an E2POT 
must be maintained at a high enough voltage to 
guarantee operation in the triode region. 
Internally, 


this 
is accomplished with 
another charge 
pump 
(which generates between 10V and 18V depending 
on tap 
position and device). 
With 
appropriate 
substitutions, this resistance can be estimated from 
Eq. (1.3) with Vw as the wiper voltage in Volts and T 
in degrees Celsius, using the parameters from the 
chart in Fig. 4 on page 6 of this note. 
• 


Nominally, this resistance is 400, but it increases as 
temperature increases and has been measured to be 
as high as 900 over the industrial temperature range 
(-40°C to +85°C). The voltage drop across this wiper 
transistor is equal to Vosand can be approximated for 
various wiper currents using Eq. (1.4), which is an 
equation for los of a MOSFET operated in the triode 
region. 


Using some substitutions based upon Xicor process 
and design parameters, this equation reduces to the 
expression in Eq. (1.5), where Vosis in units of Volts. 


Iw= (49.5 - 3.3Vos)(Vos) mA 
(1.5) 


Resolutions can also be expressed in terms of 
dynamic range (DR). At approximately 6dB/bit, a 100 
tap E2POT has an equivalent DR of 39dB. Similarly, 
DRs of 36dB and 30dB exist for the 64 and 32 tap 
E2POTs respectively. 


Wiper 
Noise 


An E2pROM cell requires a high voltage to initiate 
Fowler-Nordheim tunneling, the phenomenon upon 
which much of the 
industry bases its EEPROM 


technology. 
In order to generate such voltages (as 


high as 18V), Xicor devices use an internal charge 
pump. 
There are other aspects of Xicor's process 


that also require the use of charge pumps (e.g. to 
provide a negative substrate bias for the IC die). For 
each charge pump, there must necessarily be an 
associated oscillator. 
It is these oscillators which 


contribute high frequency noise to signals on the 
wiper of the potentiometer. However, with knowledge 
of 
the 
cutoff 
frequency 
and 
internal 
oscillator 


frequencies of a particular E2POT, this effect can be 
minimized. 


The most direct solution is to add a first order 
lowpass filter 
to 
the 
wiper terminal 
in order to 


attenuate all of these unwanted frequencies. 
Since 


there is a wiper resistance (see Eq. (1.1)) associated 
with every E2POT, simply connecting a capacitor 
between the wiper and Vss will implement a passive 
RC filter. This wiper resistance varies due to loading 
and 
temperature, 
so 
a 
more 
accurate 
way 
of 


connecting an RC lowpass filter is to add a known 
resistance in series with the wiper and use that value 
for calculating the size of the wiper capacitor. 
Using 


Eq. 
(1.6) and the 
information 
in 
Table 
1, the 


appropriate value for the capacitor can be determined 
for either technique. 


f- 
159x103 


RC 


The units for Eq. (1.6) are Hz, 0, and JlF. Typically, 
a low cost, 20% monolithic capacitor of appropriate 
size connected betweenthe wiper terminal and Vss is 
sufficient to significantly attenuate the charge pump 
noise contribution. 
For example, with an X9C103, 


which has a -3dB frequency of 300KHz and an 
oscillator frequency of 2.5MHz, an approximate wiper 
capacitor is calculated to be between 0.013JlF and 
0.0016JlF, assuming a wiper resistance of 400. 
By 


choosing a 0.013JlF capacitance, the wiper noise 
would be attenuated by -23dB compared to 
an 


unfiltered wiper. 
Unrelated to the charge pump are 


other inherent noise sources common to all CMOS 
devices. 
In particular, E2POTs exhibit both thermal 


and 
flicker 
noise 
components. 
Overall, 
Xicor 


specifies a noise for an E2POT which is equivalent to 
1JlV per square root Hz. 
An estimate of the total 


wiper noise from all sources in the E2POT can be 
obtained from Eq. (1.7) 


noise amplitude ~ (6.6JlVp_pX.Jf] 
JlVp-p 
(1.7) 


Where f (in Hz) is the bandwidth of interest for signals 
on the wiper. The result is a magnitude of peak to 
peak noise superimposed on the wiper voltage. 


Temperature 
Coefficients 
Often, the performance of a circuit over temperature 
is a crucial design consideration. 
For this reason, 


Xicor 
E2POTs 
contain 
a 
unique 
compensation 


scheme to 
minimize the 
resistive 
drifts 
due to 


temperature variations. The principle here is similar 
to the operation of circuitry in a low drift voltage 
reference. 
In those references, different 
active 


devices (Zener diodes, BJTs, MOSFETs, etc...) have 
differing parameter drifts over temperature. 
By 


combining those that have negatively sloped drifts 
with those that have positively sloped drifts, in the 
right configuration, an output voltage drift can be held 
"flat" over the temperature range of interest. 
Though 


E2POTs, utilize an entirely different implementation 


(Le. there are no active elements), the principle is the 
same. 
This can be very important when a highly 


accurate bias voltage needs to be maintained over 
extreme 
temperature 
swings. 
In 
Eq. 
(1.8), 
the 


standard definition 
for a temperature 
coefficient 
is 


given in equation form. 


The temperature coefficient expresses a resistive drift 
in parts per million per degree centigrade, where R1 is 
the resistance at reference temperature T1 and R2 is 
the resistance at the test temperature T2. For Xicor's 
E2POTs, the ratiometric temperature coefficients are 
good (at 20-30 ppm/°C) due to the resistor ladder 
structure, 
however 
the 
end-to-end 
resistance 


temperature 
coefficients 
are typically 
an order of 


magnitude or more higher. 


Wiper Current Limitations 
An important specification on Xicor's E2POTs is the 
1mA wiper current limit. 
However, the motivation 


behind this specification 
is primarily historical. 
On 


Xicor's older NMOS processes, the 1mA limit was 
required due to electromigration 
concerns with the 


metallization 
process. 
This was an industry wide 


reliability concern that sparked considerable research 
several years ago. 
For semiconductor devices, high 


currents, coupled with small cross-sectional areas for 
Aluminum 
metal 
lines, 
can 
lead to 
early 
device 


failures due to the migration of the AI ions. 
These 


failures often occur as open circuits (and occasionally 
short 
circuits) 
on 
the 
IC 
itself. 
Since 
the 


electromigration 
issue relates to long term reliability, 


the concern here is to avoid continuous operation in a 
mode that could lead to a failure, consequently DC 
current levels are of primary concern. 
An expression 


for the predicted mean time before a failure is given 
by Eq. (1.9). 


MTBF oc ~exp(-Ea 
J 
(1.9) 
J2 
kT 


This Arhennius relationship expresses how strongly 
related electromigration failures and current densities 
are on a chip. 
The exponential dependence upon 


temperature 
is exhibited as well. 
The constant of 


proportionality 
can 
be 
determined 
by 


experimentation, assuming an average Ea of 0.44eV. 


Notice that a tripling of current density anywhere that 
electromigration 
exists will reduce the MTBF nine- 


fold! 
Though these effects have not been entirely 


eliminated, good design as well as the use of several 
fabrication 
tricks have made electromigration 
less 


problematic than it once was. In order to make the 
newer CMOS parts as compatible 
as possible to 


existing 
NMOS 
parts, this 
1mA 
limit, 
which 
has 


always been related to long term reliability, was also 
adopted. Though Xicor now adds Copper ions to the 
Aluminum 
metallization 
to improve 
reliability, 
this 


1mA limit has been retained. 
A more realistic, yet 


still conservative DC wiper current limit for the CMOS 
devices would be on the order of 3.5mA. 


When 
larger 
currents 
must 
be 
controlled, 
many 


techniques can be used to boost the current supplied 
by a given wiper voltage. 
A straight- forward and 


practical example would use the buffering voltage 
follower 
Op Amp configuration 
in Fig. 
1. 
If the 


current 
gain of the Op Amp 
is too 
small, 
then 
additional gain stages could also be added on the 
output of the Op Amp. 
A wiper capacitor is shown 


here to diminish wiper noise on the Op Amp input. 
However, there are many other possible circuits to 
accomplish 
current 
gains 
for 
the 
E2POT 
wiper 


currents. 


Figure 1 - Voltage Follower to Increase 
Output Current 


Wiper Leakage Current 
On E2POTs which have differing 
fosch fosc2, and 
fosc3 oscillator 
frequencies 
(see 
Table 
2), 
slight 


voltage changes can appe~ 
on the wiper terminal 


depending on the whether CS is asserted or not (or 
whenever a nonvolatile 
store is being performed). 


This has often been misinterpreted as a DC leakage 
current, 
however, 
this 
is 
not 
the 
case! 
The 
• 


phenomenon that is actually being observed is the 
Body Effect, an inherent MOSFET mechanism which 
modulates a transistor's threshold voltage whenever 
the voltage between the bulk and the source is not 
exactly zero (Le. I VBS I ~ 0). 
Since the bulk 
(substrate) potential of an E 
2POT die is charge 
pumped down to a negative substrate voltage (VBB), 
fluctuations in this substrate voltage will alter VBS, 
thus changing the threshold voltage as well. 
Eq. 
(1.10) shows this relationship. 


V,= V,e+Y[~(<Ps+ IVasl)+<Ps] 
(1.10) 


Here, 
'Y is a process parameter that is generally 
between 0.5 and 2 for any particular semiconductor 
manufacturer. This effect can cause !'Nw z 5mV to 
10mV in the worst case scenarios. Returning CS to 
the previous level will remove ~Vw from the wiper as 
well. 


Terminal Voltage Limitations 
Occasionally, there is a need for a higher or lower 
tolerance on the terminal voltages of an E2POT. On 
typical devices, the limit is ±5V with respect to Vss, 
however on the X9312, a range between Vss and 
+15V is allowed. 
The issue limiting the terminal 
voltages 
has 
to 
do 
with 
specific 
breakdown 
mechanisms in the MOSFET structure. As the wiper 
decode logic attempts to maintain a steady voltage 
across the gate and source of the transistor, any 
increase in the voltage at the source must result in an 
increase of the voltage applied at the gate. Beyond a 
certain level, PN junction breakdown occurs. 
By 
limiting the voltages allowed at the source, as well as 
preventing 
the 
decode circuitry 
from 
generating 
excessive voltages, this breakdown can be avoided. 
Unfortunately, this limits the voltages allowed on the 
terminals (VH and Yd. 
Since expansion of this range 
is limited by design and process considerations, 
external techniques must be employed to accomplish 
this task. 
Fig. 2 shows a simple configuration that 
can generate an output voltage with a larger swing 
than that from an individual E2POT. 
In this circuit, 
current gain can also be realized depending on the 
output of the Op Amp. 
Also, another technique is 
shown for reducing wiper noise. Here the capacitor is 
attached across the input terminals of an inverting Op 
Amp scheme. 


Figure 2 - Op Amp Circuit to Increase 
Output Voltage Range 


Independent Linearity 
With potentiometers, independent linearity is defined 
to be the maximum deviation from ideal behavior, 
expressed as a percentage of the voltage applied 
across 
the 
terminals. 
With 
E2POTs, 
similar 
information can 
be obtained using the 
absolute 
linearity specification. 
For this measurement, Xicor 
refers to a minimum increment (MI) unit that is 
defined in Eq. (1.11) 


VH-VL 
=1 MI 
(1.11) 
#TAPS-1 


Converting this absolute linearity specification (Eq. 
(1.12» into an independent linearity, it is seen that all 
100 tap 
E2POTs 
exhibit 
a 
1.01% 
independent 
linearity. 


VW(actual) 
- Vw(expected) 
~ ±1 MI ~ ±1 LSB (1.12) 


From these definitions, equivalent INL (integral non- 
linearity) and DNL (differential non-linearity) can be 
determined for E2POTs. The INL is 1 LSB and the 
DNL is 0.2 LSB. 


Frequency Response 
The frequency responseof any E2POT will be limited 
by the response of its RC time constant. 
Xicor 


characterizes a typical -3dB point (% power point) for 
a 
given 
end-to-end 
resistance 
by 
taking 
measurements when the wiper is set to a mid-range 
tap position. 
Due to variations in the end-to-end 
resistance of a given device (Xicor specifies ±20% on 
this parameter) and the likelihood that useful circuits 


will require tap settings outside of mid-range, the 
frequency 
response of an E2POT will show some 
variance. 
However, for any fixed tap position, this - 
3dB point exhibits little dependence on fluctuations in 
Vcc or temperature. 
A summary of the expected - 
3dB point range for any given end-to-end resistance 
at 5V and +25°C and mid-range is shown (Table 1). 


Table 1 - E2POT Frequency Response 
(-3dB Point Ranges) 


RTOT 
t3dB 


1 Kil 
2400 - 2600 KHz 


2Kil 
1070 -1600 KHz 


10 Kil 
260 - 320 KHz 


50Kil 
52 - 68 KHz 


100 Kil 
32 - 36 KHz 


For tap positions other than mid-range, estimations 
for 
the 
frequency 
response 
can 
be 
carried 
out 


assuming between 20pF and 25pF for the total wiper 
capacitance to ground. 
Remember that the end-to- 


end resistance will vary from device to device, thus in 
critical designs the appropriate error margins must be 
considered. 
In the case of the logarithmic 
taper 
E 


2POTs, 
the 
mid-range 
tap 
positions 
do 
not 


correspond to mid-range of the end-to-end resistance, 
therefore the -3dB points will not correspond to those 
in Table 1. For example, the X9314W exhibits a mid- 
range 
-3dB 
point 
of 
approximately 
180KHz, 
not 


290KHz as predicted above. 


Hysteresis 
One interesting quirk in the behavior of mechanical 
potentiometers is that there is a sort of "hysteresis" 
effect 
on the wiper voltage 
when changing wiper 
positions. 
The 
potentiometer's 
electrical 


characteristics won't change until a certain amount of 
mechanical travel has occurred by the knob. 
This 
results 
in a 
"lurching" 
behavior 
that 
makes 
fine 


trimming 
rather 
tedious. 
With 
Xicor's 
digital 


potentiometers, 
this 
behavior 
is 
entirely 
avoided. 
Another measure of hysteresis would be the change 
in output voltage 
at a certain wiper tap when the 


wiper is moved to either full scale (or zero scale) and 
then returned to the original tap position. 
Since Xicor 


devices 
are 
strictly 
monotonic 
and 
avoid 
the 
mechanical 
behavior 
of traditional 
potentiometers, 


any movement of the wiper will result in a change to 
the wiper voltage and for any movement 
from an 
initial tap position to other tap positions and back to 
the 
initial 
tap 
position, 
it can 
be 
observed 
that 


E 


2POTs exhibit no hysteresis effects (Le. the wiper 
returns precisely to the same voltage). 


Reliability Failure Rates 
With 
or without 
a 
knowledge 
of 
the 
number 
of 


transistors on a die, an MTBF can be calculated to 
determine the average lifetime of an IC. 
For the 
X9CMME family 
of 
E 


2POTs, 
internal 
qualification 
data has yielded an MTBF of 2154 years based on 
the number of failures (0 out of 353) during a 1000 
hour dynamic life test at 150°C. This data could also 
be expressed as 53 FITs at 55°C for a 60% upper 
confidence limit. The number of FITs is equivalent to 
the number of failures per billion device hours (see 
Xicor reliability 
reports RR-520 and RR-515 for a 
more complete explanation of the FITs parameter). 
This data helps predict the reliability of the standard 
logic on an E2POT, 
but similar 
results would 
be 
obtained for the charge 
pump and 
E2PROM 
cell 
circuitry. 
However, some electromigration 
failures 
might occur on the resistor chain before anything else 
on the IC fails, particularly if the 1mA limit is not 
strictly observed. 
The exact lifetimes 
for various 
wiper current loads are not explicitly known, however 
similar results will be obtained in a reliability analysis 
for any of Xicor's E2POTs. 


NMOS and CMOS E2POT Differences 
Xicor introduced the first E2POTs in 1984 using an 
NMOS 
technology. 
When 
these 
devices 
were 
replaced by CMOS designs, an extra standby current 
9 


mode was added that allowed for the power savings 
benefits of CMOS circuitry. 
To implement this extra 
mode, a NOR gate was added between the CS and 
INC inputs. 
When the output of this NOR gate is 
HIGH, the wiper transistor decoder is enabled and the 
wiper position can be moved. 
Consequently 
on 
power-up, if both of these pins are held LOW, then 
the wiper position will be recalled from the E2PROM 
and the wiper 
will 
move 
one additional 
position 
depending on the state of the ui5 pin. 
Subsequent 
movements require that the output of this gate see a 
rising edge, thus either CS or INC must be "clocked" 
in order for the wiper to be moved any further. 
This 


behavior can cause the power-up wiper positions to 
be off by one tap position if precautions are not taken. 
The standby power mode is available on all CMOS 
E2POTs. 
Another difference that exists between the 
NMOS wiper and CMOS wiper E2POTs is the length 
of time it takes to deselect the previous wiper position 
and select the new wiper position, when changing 
taps. Because the switching of these FETs works in a 
"make-before-break" 
mode, the use of NMOS wiper 
E2POTs in certain audio configurations may require 
extra precautions to avoid audible "clicking" sounds 
on the speaker while the wiper position is being 


adjusted. 
The 
differing 
device 
technologies 
are 


summarized 
in Table 
2 along with 
several 
other 


pertinent parameters. 


Logarithmic Tapers 
With some E2POTs, the option to have a logarithmic 
taper instead of a linear taper exists. The logarithmic 
version 
of the X9313 is the X9314, 
likewise the 


logarithmic 
version 
of 
the 
X9511 
is 
the 
X9514. 


Currently, these devices are available 
in 1Kn and 


10Kil end-to-end resistances. 
A typical logarithmic 


response is shown in Fig. 3. 
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E2POT 
PROCESS 
fOSC1 
fOSC2 
fOSC3 
f-3dB 
TAPS 
VH,VL 
Rroy 


X91021 
NMOS 
5.0 MHz 
5.0 MHz 
5.0 MHz 
2.50 MHz 
100 
+5V 
1 KQ 
X91031 
NMOS 
5.0 MHz 
5.0 MHz 
5.0 MHz 
0.30 MHz 
100 
+5V 
10 KQ 


X95031 
NMOS 
5.0 MHz 
5.0 MHz 
5.0 MHz 
0.06 MHz 
100 
+5V 
50KQ 


X91041 
NMOS 
5.0 MHz 
5.0 MHz 
5.0 MHz 
0.04 MHz 
100 
+5V 
100 KQ 
X9C1022 
CMOS 
2.5 MHz 
2.5 MHz 
2.5 MHz 
2.50 MHz 
100 
+5V 
1 KQ 
X9C1032 
CMOS 
2.5 MHz 
2.5 MHz 
2.5 MHz 
0.30 MHz 
100 
+5V 
10KQ 
X9C5032 
CMOS 
2.5 MHz 
2.5 MHz 
2.5 MHz 
0.06 MHz 
100 
+5V 
50KQ 
X9C1042 
CMOS 
2.5 MHz 
2.5 MHz 
2.5 MHz 
0.04 MHz 
100 
+5V 
100K 


X9311Z1 
CMOS 
5.0 MHz 
5.0 MHz 
5.0 MHz 
2.50 MHz 
100 
+10V 
1 KQ 
X9311W1 
CMOS 
5.0 MHz 
5.0 MHz 
5.0 MHz 
0.30 MHz 
100 
+10V 
10KQ 
X9311 U1 
CMOS 
5.0 MHz 
5.0 MHz 
5.0 MHz 
0.06 MHz 
100 
+10V 
50KQ 


X9311T1 
CMOS 
5.0 MHz 
5.0 MHz 
5.0 MHz 
0.04 MHz 
100 
+10V 
100 KQ 


X9312Z 
CMOS 
2.5 MHz 
2.5 MHz 
5.0 MHz 
2.50 MHz 
100 
+15V 
1 KQ 
X9312W 
CMOS 
2.5 MHz 
2.5 MHz 
5.0 MHz 
0.30 MHz 
100 
+15V 
10 KQ 
X9312U 
CMOS 
2.5 MHz 
2.5 MHz 
5.0 MHz 
0.06 MHz 
100 
+15V 
50KQ 
X9312T 
CMOS 
2.5 MHz 
2.5 MHz 
5.0 MHz 
0.04 MHz 
100 
+15V 
100 KQ 
X9313Z 
CMOS 
2.5 MHz 
0.8 MHz 
5.0 MHz 
2.50 MHz 
32 
+5V 
1 KQ 
X9313W 
CMOS 
2.5 MHz 
0.8 MHz 
5.0 MHz 
0.30 MHz 
32 
+5V 
10 KQ 


X9313U 
CMOS 
2.5 MHz 
0.8 MHz 
5.0 MHz 
0.06 MHz 
32 
+5V 
50KQ 


X9313T 
CMOS 
2.5 MHz 
0.8 MHz 
5.0 MHz 
0.04 MHz 
32 
+5V 
100 KQ 


X9314W 
CMOS 
2.5 MHz 
0.8 MHz 
5.0 MHz 
0.18 MHz 
32 
±5V 
10 KQ 
X9315Z 
CMOS4 
N1A 
N1A 
5.0 MHz 
2.50 MHz 
32 
±5V 
1 KQ 
ext. voltaae 
X9315W 
CMOS4 
N1A 
N1A 
5.0 MHz 
0.30 MHz 
32 
±5V 
10 KQ 
ext. voltaae 


X9511Z 
CMOS 
2.5 MHz 
0.8 MHz 
5.0 MHz 
2.50 MHz 
32 
+5V 
1 KQ 
X9511W 
CMOS 
2.5 MHz 
0.8 MHz 
5.0 MHz 
0.30 MHz 
32 
+5V 
10 KQ 
X9514W 
CMOS 
2.5 MHz 
0.8 MHz 
5.0 MHz 
0.18 MHz 
32 
+5V 
10KQ 
X9221Y 
CMOS 
2.0 MHz3 
2.0 MHz3 
5.0 MHz 
1.33 MHz 
64 
+5V 
2 KQ dual 


X9221W 
CMOS 
2.0 MHz3 
2.0 MHz3 
5.0 MHz 
0.30 MHz 
64 
+5V 
10 KQ dual 


X9221U 
CMOS 
2.0 MHz3 
2.0 MHz3 
5.0 MHz 
0.06 MHz 
64 
+5V 
50 KQ dual 


X9241Y 
CMOS 
2.0 MHz3 
2.0 MHz3 
5.0 MHz 
1.33 MHz 
64 
+5V 
2 KQ. auad 


X9241W 
CMOS 
2.0 MHz3 
2.0 MHz3 
5.0 MHz 
0.30 MHz 
64 
+5V 
10 KQ auad 


X9241U 
CMOS 
2.0 MHz3 
2.0 MHz3 
5.0 MHz 
0.06 MHz 
64 
+5V 
50 KQ Quad 


X9241M 
CMOS 
2.0 MHz3 
2.0 MHz3 
5.0 MHz 
combo 
64 
+5V 
combo 
Quad 
X94xx 
CMOS4 
N1A 
N1A 
5.0 MHz 
N1A 
64- 
±5V 
SPI and 12C 


family 
256 
ext. voltaae • 


boldface 
denotes 
devices 
to be introduced 
in 1995 


fOSC1= CS LOW, 
fOSC2= CS HIGH, fOSC3= during 
nonvolatile 
store 


1obsolete 
part 


20n older X9CMME 
devices, 
fOSC2is O.8MHz 
. 


3no CS on part, parameter 
is active 
at all times, 
except 
during 
nonvolatile 
stores 


4newer devices 
utilizing 
a full CMOS 
pass transistor 
structure 
on the wiper 


Application Note 


E2PROM Programmer 
Vendors for Xicor Devices 


by Gray Creager, 
March 1995 


The following 
listing summarizes the most current 
information 
available 
to 
Xicor 
regarding 
external 


support of our products. 
Each manufacturer's listing 


has been condensed 
in order to provide a legible 


cross-reference 
between a part and the available 


programming 
support. 
For 
other 
information 


pertaining to a particular part and programmer (such 
as adapter, software revision, etc...), the third party 
manufacturer/representative 
or a Xicor sales office 


should be contacted. 


Advantest Corporation of America 
1100 Busch Pkwy. 
Buffalo Grove, IL 60089 
(708) 634-2552 


A1 = TR4943/8, R4944/(A), R4949 


American Reliance Inc. 
11801 Goldring Rd. 
Arcadia, CA 91006 
(818) 303-6688 


B1 = 9850, B2 = 9860 


Aval Data Corporation 
Shin-Yuri 21, 
1-2-2 Manpukuji ASO-KU, 
Kawasaki, Kanagawa 215 
(44) 952-1311 


BP Microsystems 
1000 N. Post Oak Rd., Suite 225 
Houston, TX 77055-7237 
(713) 688-4600 


D1 = BP-1200/1148/21 00, D2 = CP-1128, 
D3 = EP-1140, D4 = EP-1132, D5 = EP-1 


Bytek Corporation 
543 NW. 77th St. 
Boca Raton, FL 33487-1323 
(407) 994-3520 


E1 = 135H, E2 = 145H, E3 = MultiTRK 
E4 = EZ-KF 


Data va Corporation 
10525 Willows Rd. N.E. 
P.O. Box 97046 
Redmond, WA 98073-9746 
(206) 881-6444 


F1 = 3900, F2 = Unisite, F3 = PSX 


Logical Devices, Inc. 
692 S. Military Trail 
Deerfield Beach, FL 33442 
(305) 974-0967 


G1 = Allpro 40, G2 = Allpro 88, G3 = AP88XR 
G4 = Shooter, G5 = Prompro 8X, G6 = Husky 
G7 = Gangpro S, G8 = Gangpro 8+ 
G9 = Gangpro SII 


Needham's Electronics, Inc. 
4630 Beloit Dr., Suite #20 
Sacramento, CA 95838 
(916) 924-8037 
• 
Stag Microsystems, Inc. 
1600 Wyatt Dr. 
Santa Clara, CA 95054 
(408) 988-1118 


11= ORBIT, 12= ECLIPSE, 13= SOLAR 
14= 41M111, 15= 39M101, 16= 4xM101 
17= QUASAR 10xx 


System General Corporation 
1603A S. Main St. 
Milpitas, CA 95035 
(408) 263-6667 


J1 = Turpro-1 (lFXfTX), APRO, multi-APRO 
J2 = Turpro 840 


Tribal Microsystems Inc. 
aka Hi-Lo Systems Research Co., Ltd. 
44388 S. Grimmer Blvd. 
Fremont, CA 94538 
(510) 623-8859 


K1 = FLEX-700 or ALL-07 


Xeltek 
757 N. Pastoria Ave. 
Sunnyvale, CA 94086 
(408) 524-1929 


EE Tools 
544 Weddell Dr., Suite 6 
Sunnyvale, CA 94089 
(408) 734-8184 


M1 = Allmax(+) 
M2 = ProMax (see H1 listing) 


Link Instruments, Inc. 
369 Passaic Ave, Suite 100 
Fairfield, NJ 07004 
(201) 808-8990 


Advin Systems Inc. 
1050 - L East Duane Ave. 
Sunnyvale, CA 94086 
(408) 243-7000 


01 = U84/U40/U32 
02 = Pilot 145/144/143/142 
03 = Pilot-GCE, 04 = Pilot-832 


Part 


# 
X2001 
# 
X2002 
# 
X2004 
X20C04 
X20C05 
X20C16 
X20C17 


# 
X2201A 
# 
X2210 
# 
X2210A 
X22C10 


# 
X2212 
# 
X2212A 
X22C12 
X24COO 
X24C01 
X24C01A 


# 
X2402 
X24C02 
# 
X2404 
X24C04 
X24C08 
X24C16 
# 
X2444 
X24C44 
X24C45 
X24001 
X24012 
X24022 
X24042 
X24164 
X24645 
X25C02 
# 
X25010 
X25020 
X25040 
X25043 
X25080 
X25160 
X25320 
X25401 
X25640 
X25642 
X25128 


ABBCDDDDDEEEEFFFGGGGGGGGGHII 
I11I1 
JJKLMNO 
000 


1 121 
1 234 
5 1 234 
1 231 
234 
5 6 789 
1 1 2 3 4 5 6 7 1 2 1 1 1 1 1 
234 


(#) = partisnotcurrentlybeingmanufacturedby Xicor 
(*) = partissupportedby thisprogrammer 
• 


ABBCDDDDDEEEEFFFGGGGGGGGGHI 
I II 
II 
I JJKLMNO 
000 
Part 
1 1 2 1 1 2 3 4 5 1 2 3 4 1 2 3 1 2 3 4 5 6 7 8 9 1 1 2 3 4 5 6 7 1 2 1 1 1 1 1 
2 3 4 


# 
X2804A 
X2804C 


# 
X2816A 


# 
X2816B 
X2816C 


# 
X28C16 


# 
X28HC16 


# 
X2864A 


# 
X2864B 


# 
X2864H 
X28C64 
X28HC64 


# 
X28C64B 


# 
X28256 
X28C256 


# 
X28C256B 
X28HC256 
X28VC256 
X28TC256 
X28C512 
X28C513 
X28C010 
X68C64 
X68C75 
X76041 
X84041 
X86C64 
X88C64 
X88C75 
XM20C64 
XM20C64FR 
XM20C64S 
XM20C128S 


# 
XM28C010 
XM28C020 
XM28C040 
XM28C4096 
XM28C080S 


(#) = part is not currently being manufactured by Xicor 
(*) = part is supported by this programmer 
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Summary and Use of 8JA and 8JC Parameters with Xicor Devices 


by Gray Creager, January 1995 


To determine the thermal heating characteristics of 
any Xicor device requires knowledge of both 9JAand 
9Jcfor the package of interest. These parameters are 
collected in Table 1 by package type and number of 
leads. These values represent averages over a range 
of possible die sizes, however the margin of error 
when using average values is expected to be within 
±5%. 
Each thermal resistance, 9JAand 9Jc, is based 


on a typically sized die cavity pad for a package's 
leadframe and the assumption that the die is at an 
equivalent temperature at all points. Variations in die 
size for a given size die pad (e.g. different devices in 
equivalent packages) account for the margin of error 
on these thermal resistivities. 


When 
basing a thermal 
analysis 
on average 
die 


junction 
temperatures 
and 
assuming 
that 
Icc 
is 


constant (though in reality it is "pulsing" depending on 
mode of operation), several simple formulas can be 
developed. Using these formulas, calculations can be 
performed 
to determine 
an ambient 
vs. 
package 


temperature relationship. 


TJ = Tc + 9Jc Po(MAX) 
TJ = TA+ 9JAPo(MAX) 


TJ = die junction temperature 
Tc = package (case) temperature 
TA= lead (ambient) temperature 
9Jc= thermal resistance between die 
junction and package 
9JA= thermal resistance between die 
junction and leads 
Po(MAX)= total maximum power 


dissipation of all die junctions 
(Le. Po(MAX)= (Vcclccl(MAX)) 


Generally, 
Po(MAX)increases for 
a device 
as Vcc 


increases and as the ambient temperature decreases. 
The important parameter to monitor is the die junction 
temperature (TJ). Typically, this should be limited to 
150°C for both plastic packages (Xicor types P, S, J, 
T, L, or V) and ceramic/hermetic 
packages (Xicor 


types D, E, F, K, N, or R). Because Xicor's EEPROM 
fabrication processes are inherently more robust at 
high temperature 
(and since Icc is never a fixed 
maximum DC current), certain Xicor devices can be 
fully functional at extended temperatures 
(e.g. the 
X28HT010 
is fully 
operational 
at 
ambient 
(lead) 


temperatures up to 170°C), while many others will be 
functional 
for 
read-only 
operation. 
Since 
Xicor's 
characterization and burn-in programs verify device 
• 
functionality based on ambient (lead) temperatures, 
the need to use the above equations to verify TJ is 
bypassed. Only packaging and ambient temperature 
range 
combinations 
for 
which 
the 
device 
is 
guaranteed to operate reliably are offered by Xicor. 


As an example 
of 
how to 
use this 
information, 
assume that a design uses an X20C16EMB-55 at 
temperatures between -55°C and 125°C. For this 32 
pad LCC package, 
TJA=62°CIW and TJc=15°CIW. 
Combining the qJAand qJCequations and calculating 
the 
worst 
case 
scenario 
for 
Icc 
(i.e. 
TA=-55°C, 


Vcc=5.5V, and Icc=100mA), 


shows that the package (case) temperature will be 
+O.258°C/mA 
(±8.5%) 
greater 
than 
the 
ambient 


temperature 
for 
a 
given 
Icc. 
By 
device 


characterization 
over temperature 
and voltage, the 


actual Icc(MAx)is found to be about 60mA, thus the 
package (case) temperature will always be less than 
or equal to 141°C. 
Such calculations may be useful 


to a manufacturing engineer who has to do a thermal 
analysis 
of 
a 
system, 
though 
Xicor 
devices 


themselves don't require heatsinking. 


More generally, the thermal transfer process of an 
integrated circuit can be modeled as the following 
electrical circuit: 


TJ\ 
TCASE 
8CS 
T 
••..•• 
/ 
HEATSINK 


8JC 


Here, 
the 
inter-relationship 
between 
the 
thermal 


resistivities can easily be seen to be: 


P- PDIP 
alloy 42 leads 


P- PDIP 
copper leads 


D - CERDIP 


N - LCC 
elongated 


F - Flatpack 


Table 1 - 8JA(OCfW) and 8Jc (OelW) as a Function 
of Package 
Style and Number 
of Leads 


(Note that 8JAis Listed before 8JCin each Box) 


Note - Alloy 42 is a lead base material which consists of Fe/Ni in a 42% to 58% ratio. 
To determine 
the 


material 
used on a particular 
device, simply pass a magnet near the leads. NC is used for packages 


which have not yet been characterized 
for thermal analysis. 
• 
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NOVRAM AUTOSTORE 
Considerations 


by Richard 
Downing, 
March 
1994 


Introduction 
Xicor's 
NOVRAM 
(Nonvolatile 
RAM) 
devices 
are 


high-speed 
SRAMs 
overlaid 
bit-for-bit 
with 
a 


nonvolatile 
E 


2PROM 
array. 
The 
AUTOSTORE 
(AS) 


feature 
available 
on these 
parts 
automatically 
saves 


the 
RAM 
contents 
to 
E 


2PROM 
during 
power-down. 


AS typically 
requires 
some 
basic 
Vcc holdup 
circuitry 


to ensure 
successful 
completion. 


Basic Autostore Circuit 
The 
minimal 
components 
necessary 
to 
achieve 
an 


AS are 
a capacitor 
and 
diode 
which 
connect 
to the 


NOVRAM 
as 
shown 
in 
Figure 
1. 
The 
"hold-up" 


capacitor 
must be capable 
of supplying 
the maximum 


AS 
current 
(ICC3 max.) 
for 
the 
maximum 
AS 
period 


(TAsTo max.) 
as Vcc 
falls 
to a level 
between 
the AS 


threshold 
voltage 
(V ASTHmin.) and the AS end voltage 


(VASENOmin.). 
The 
"hold-up" 
capacitor 
value 
(CH) is 


calculated 
using the equation: 


C 
- 
(Icc3max)(TAsTOmax) 


H - 
VAsTHmin- VAsENomin 


i=CdV 


dt 


To use the circuit 
with a 5V supply 
requires 
that diode 


DH to have 
low forward 
voltage 
drop 
VF• A Schottky 


diode such as the 1N5817 
(available 
from 
Motorola 
or 


Philips) 
is suitable 
with 
maximum 
VF 
of 
0.32V 
at 
100mA. 
The cost of the component 
is around 
20¢ 
in 


volume. 


Power Supply Limitation 


Xicor 
specifies 
a 
NOVRAM 
Vcc 
operating 
range 


between 
4.5V 
and 5.5V. 
The diode 
in the AS circuit, 


however, 
results 
in a voltage 
drop 
(VF) 
between 
the 


power 
supply 
and 
the 
NOVRAM's 
Vcc 
pin. 
A 


maximum 
VF of 0.32V 
results 
in a possible 
AS at a 


supply 
voltage 
of 4.62V. 
For a reasonable 
margin 
of 


safety, 
the suggested 
AS circuit 
should 
be powered 


using 
a supply 
that 
operates 
above 
4.75V. 
A 
5V 
±5%. 
power 
supply 
would 
be 
one 
way 
of 
ensuring 


correct 
AS operation. 


VASTH(V) 
VASENO(V) 
TASTO(ms) 
Icc3(mA) 
CH (IJF) 


Part No. 
Min 
Max 
Min 
Max 
Max 
Min 


X24C45 
4.0 
4.3 
3.5 
5.0 
2.0 
20 


X20C05 
4.0 
4.3 
3.5 
2.5 
2.5 
13 


X20C16 
4.0 
4.3 
3.5 
2.5 
2.5 
13 


X20C17 
4.0 
4.3 
3.5 
2.5 
2.5 
13 • 


Pre-AUTOSTORE Data Corruption 
If the supply to a microcontroller 
interfacing to a 
parallel NOVRAM is lost while the NOVRAM remains 
powered, inadvertent writes to the SRAM can occur. 
The uncertain 
state of the 
microcontroller 
control 
lines during ~wer-down 
m~ 
cause fluctuations in 
the status of CE, WE, and OE, which can result in a 
write 
condition. 
Invalid 
SRAM 
data 
may 
be 
transferred to the nonvolatile E 
2PROM array if these 
changes occur before an AS. These inadvertent write 
conditions 
can 
be avoided 
using supervisory 
ICs 
available 
from 
manufacturers 
such 
as 
Linear 
Technology or Maxim. These devices control the CE 
of the NOVRAM so that below a set supply threshold 
voltage, CE is held HIGH and the NOVRAM is placed 
into a standby condition. An example of such a circuit 
is shown in Figure 2. 


Conclusion 
NOVRAMs combine the advantages of fast access 
RAMs 
and 
nonvolatility 
for 
E 
2PROMs. 
The 
AUTOSTORE 
feature enables data integrity to be 
maintained during power-down. In most applications 
two additional components (a diode and capacitor) 
are all that is needed to ensure successful completion 
of an AUTOSTORE. A supervisory IC may also be 
useful to protect the part from inadvertent writes. 


Application Note 


What is MPS E 
2? 
by Gray Creager, 
May 1994 


Introduction 
The X84041 MPS™ E 


2 (Microprocessor Compatible 
Serial E2PROM) is a 4K-bit nonvolatile serial memory 
organized as 512 x 
8. 
However, due to 
the 
sequential 
nature 
of 
the 
device, 
the 
use 
of 
consecutive reads or writes to the device also allows 
it to be used in 16-bit or 32-bit environments. 
This 
device 
supports an 
8-byte 
page with 
a 
typical 
nonvolatile write cycle time of ~s. 
Additionally, 
there is a write protect pin (WP) to disable all 
nonvolatile writes to the device. 


The unique feature of this device is its' ability to 
directly interface with a parallel data bus without glue 
logic. It's small size, low power, and low cost make it 
an ideal alternative to parallel access nonvolatile 
memory devices. 
System designers currently using 
parallel access devices to hold configuration data 
(e.g. motherboards, add-on cards, PCMCIA cards, 
Plug and Play cards, data recording systems, etc...) 
will 
especially 
benefit from 
the 
features of 
the 
X84041. 


This CMOS device utilizes Xicor's proprietary Direct 
Write™ E 
2PROM cell technology which allows for an 
endurance of at least 100,000 write cycles per byte 
and a minimum data retention of 100 years. 


X84041 
Data Bus Cycles 
An understanding of how the MPS E2 serial interface 
works can be gained from the included bus cycle 
diagrams. 
The 
system 
designer 
accesses the 
X84041 using standard "read" or "write" activity on a 
parallel data bus. The interface is accomplished by 
directly connecting a single I/O pin from the data bus, 
as well as the WE and OE signals generated by the 
system processor and an address decoded CEo 
When the X84041 is selected, the device will interpret 
each "read" or "write" on the data bus as a single bit 
in the serial interface protocol. Since the device is in 
standby mode when CE is HIGH, the serial interface 
scheme is fully static and can be interrupted at any 
time to perform other bus activities. At a later time, 
communications with the device can be resumed 
from 
the 
point when 
the 
communications 
were 
interrupted. 


IT 


BE 
COMMAND 
EEPROM 
DECODE 
AND 
X 
ARRAY 


WE 
CONTROL 
DEC 


LOG 
IC 
512 
x 8 
I/O 
• 


In order to complete 
the interface, there are two 


additional unique sequences to reset the device and 
to 
initiate 
a 
nonvolatile 
write 
cycle. 
A 
RESET 


condition is recognized by the X84041 whenever the 
system 
processor 
issues the 
following 
sequence: 


"read", "write a zero", and "read". 
This 3-bus cycle 


sequence is used to initialize the part before a read or 
write sequence or to interrupt a sequence already in 
progress. 
An 
INITIATE 
NONVOLATILE 
WRITE 


CYCLE 
condition 
is 
recognized 
by 
the 
X84041 


whenever the system processor issues the following 
sequence: "read", "write a one", and "read". 
This 


sequence is used to begin an internal write cycle after 
data has been loaded into the device. 
An additional 


feature of the device is the ability to determine the 
early completion of an internal nonvolatile write cycle. 
This can be accomplished by "polling" the level of the 
I/O pin during a nonvolatile write cycle. When the I/O 
pin can be read as a logic HIGH, then the cycle is 
complete and the part is again able to interact within 
the system. 


The 
X84041 
read 
sequences 
should 
usually 
be 


initiated 
with 
a 
reset 
sequence, 
followed 
by 
16 


consecutive "writes" to the device without a "read". 
These 16-bits are for the address, of which the first 7 
are don't cares and the remaining 9 are for the initial 
memory address to be accesssed (MSB first). 


At this point, the system processor can sequentially 
"read" any number of bits from the device beginning 
at the initial address. 


Write sequences follow the same format. 
Typically, 


the X84041 can be completely rewritten using page 
writes in less than 325ms when the technique of 
I/O 


polling for the early completion of each nonvolatile 
write cycle is used. 


"'((lIT) n n>--- 
"~,,._ 
LJU 
iJUl[ 


Interfacing 
to the X84041 
The X84041 is designed so that it is compatible with 
systems using either CE controlled write cycles (e.g. 
Motorola processors) or WE controlled write cycles 
(e.g. Intel processors). 
The following circuits show 


how simply the interfacing can be accomplished for 
different environments, 
such as the 68000, 80x86, 


8051 microcontrollers, and TMS320 DSP processors. 


U2 
33 
MN 


22 
READY 
19 
elK 
1 
RESET 


18 
INTR 


ADO 
AD1 
AD2 
AD3 
AD4 


AD5 
AD6 
AD7 
ADS 
AD9 


AD10 
AD11 
AD12 
AD13 
AD14 


AD15 


Al61S3 
A17/S4 
A1B1S5 
Al9'S6 


BHEIS7 


DEN 


DT/R 
MIlO 
HlDA 
HOLD 
NMI 
TEST 
• 


Although the device is specified as requiring 300ns 
read cycle (tRd and write cycle (twd times, there 
should be no problem interfacing to typical high speed 
busses._Thes~c1e 
times are sums of the LOW 


pulse (OE or WE) and the HIGH phase required 
before the next LOW pulse. 
As long as the LOW 


U2 
31 
EIWP 


19 
Xl 


18 
X2 


RESET 


INTO 
INT1 
TO 
Tl 


P1.0 
P1,1 
P12 
P1.3 
P1.4 
P1.5 
P1.6 
PH 


pulse minimum lengths are satisfied according to the 
bus timings of the X84041, then in software, a 
designer can accomodate the minimum cycle length 
requirement by issuing NOP instructions (or any 
instructionsthat will take sufficient time to execute). 


X2/CLKINI 
ClKIN2 
CLKM01 
ClKMD2 
CLKoun 
CLKA 
TCLKR 
TCLKX 


CLKX 


RD 
WR 
PSEN 


ALEiP 
TXD 
RXD 


U1 


OE 
I/O 
~ 
CE 
wp 


X84041 


The 
X84041 
can 
also 
be an effective 
alternative 
for 
systems 
that 
otherwise 
have 
serial 
data 
port 


capabilities. 
For many 
microcontrollers, 
a designer 
is 


limited 
to only 
a few 
bit, 
addressable 
1/0 port 
pins. 


Instead 
of using one of these 
pins strictly 
for E 


2pROM 


communications, 
a designer 
can use the X84041. 
A 


commonly 
encountered 
circuit 
uses 2 1/0 port pins of 
an 
8051 
microcontroller 
to 
interface 
to 
an 
12C 


E2pROM. 
One 
previous 
circuit 
example 
shows 
how 


the X84041 
frees up these 
port pins. 


X84041 Software Routines 


The 
following 
routines 
(taken 
from 
a 
design 
idea 


published 
in 
Electronic 
Design) 
are 
provided 
to 


minimize 
the 
design 
time 
for 
implementing 
an 


X84041 
interface. 
This code 
is also available 
on the 


Xicor 
BBS at 1-800-258-8864 
or 1-408-943-0655 
(up 


to 19.2K baud, 8-bit word, 
1 stop bit, no parity, 
and no 


local echo). 


/* 
/* 
Xicor X84041 MPS E2 


/* 
/* The following C subroutines are provided to interface with an X84041 that is memory mapped 
into the 1/0 space of 


/* an IBM PC or compatible environment. 
With these subroutines, a designer can read multiple data bytes from the 


/* X84041 by using the simple function call: 
/* 
/* 
read_X84041 (int nO_bytes,int addr,int io_port,unsigned char 'bytes) 


/* 
/* Any number of bytes (no_bytes) can be read sequentially from the starting address (addr) of the X84041 mapped into 
/* a given I/O address (io_port). 
The results are passed back sequentially to a series of system locations pointed to 


/* by (bytes). 
Care should be taken to provide enough locations for each data byte read. Additionally, either a byte 


/* write or page write to the X84041 can be initiated with the following call: 
/* 
/* 
write_X84041 (int no_bytes,int addr,int io_port,unsigned char 'bytes) 


/* 
/* Up to 8 bytes (as specified by no_bytes) can be written to the X84041 at an I/O address (io_port) beginning at a 
/* memory address (addr). 
Sending more than 8 bytes will cause a "wrap-around" of data on the chosen page. The 


/* data to be written is contained in an array (pointed to by 'bytes). 
These routines can be appended to other ANSI C 


/* code with the following (or similar) compiler directive: 
/* 
/* 
#include "c:\xicor.c" 


/* 
/* Note that the source code should have an #include <dos.h> statement since the code (xicor.c) needs access to the 
/* inportbO and outportbO functions. 
/* 
GHCW 


/* Sends RESET sequence to the X84041 at io_port 
r******-**************** 
******* .************* 
*** ************** --*_._---""---- .*.*.*.*.***** / 
void x84reset(int io_port) { 


inportb(io_port); 
outportb(io_port,OxOO) ; 
inportb(io_port); 


/* read bit from io_port '/ 
/* write a LOW bit to io_port '/ 
/* read bit from io_port '/ 


/* Writes a one to the X84041 at io_port 
/********************************** 
*** ***** ****** **.- **** --*._- **** *********** ************ 
*/ 
void x84write_one(int 
io_port) { 


outportb(io_port,Oxff) ; 
• 


1* Writes a zero to the X84041 at io_port 
/*************** 
******** ***** ********************************* 
_.******.- ******************* 
/ 


void x84write_zero(int 
io_port) ( 


outportb{ioJlort,OxOO); 


int x84read(int io_port) ( 
int bit_val; 
bit_val = inportb(io_port) 
& 1; 


return(bit_val); 
1* read bit DOfrom iOJlort 
*1 


1* return bit value to calling routine *1 


1* Polls for the early completion of a nonvolatile write cycle in the X84041 at 
1* io_port 
1****** ***** * ***.**** *.***** ******* ***.*-_.-*** *-'" ******* ._*_._- **** ***--*- ******* ***** ****1 
void x84poll(int io_port) { 
int bit_temp; 
do ( 
biUemp=x84read(io 
_port); 
) while (biUemp 
== 0); 


1* Initiates and completes a nonvolatile write cycle in the X84041 at io_port 
/** ***** ****** **** **** ** _**** ._*******************************_.***** 
It __ 
ft 
,," 
* 
._/ 


void x84write_start(int 
io_port) ( 
x84read(io_port); 
x84write_one(ioJlort); 
x84read(io_port); 
x84poll(io_port); 


1* read bit from io_port *1 
1* write a LOW bit to io_port *1 
1* read bit from iOJl0rt 
*1 
1* poll the 1/0 pin for completion of write cycle *1 


1* Sends all 16 required address bits, including don't cares, to the X84041 at 
I*io_port 
1*********** * **** ********* 
- ****1Ir.*********************** 
*********** 
*************** 
._****** / 


void x84addr_send(int 
don,-care,int 
io_port,int addr) { 
int addr_bit,mask_addr,addUemp; 


for (addr_bit = 0; addr_bit < dont_care; addr_bit++) ( 


x84write _zero(io_port); 


) 
mask_addr = 256; 
for (addr_bit = 0; addr_bit < (16-dont_care); addr_bit++) { 
addUemp 
= addr & mask_addr; 
if (addUemp 
== 0) 
x84write_zero(io_port); 


1* bit mask to isolate address MSB *1 
1* loop through all 9 address bits *1 
1* mask to determine next required address bit *1 
1* if address bit is LOW, then ... *1 
1* write a LOW bit to io_port *1 


x84write_one(io_port); 
mask_addr = mask_addr » 
1; 


1* otherwise, write a HIGH bit to io_port *1 
1* shift bit mask right to get next bit *1 


r Sends all 8 data bits to the X84041 at io_port 
1ft 
•••••••••••••••••••••••••••••• 
_ 
•••••• 
_ 
••••••••••••••••• 
ft••••••• 
ft••••••••••••••• 
*. ftft._ •••• 
/ 


void x84data_send(int 
io_port,int data) { 
int mask_data,data_temp,data_bit; 


mask_data = 128; 
for (data_bit = 1; data_bit < 9; data_bit++) { 
data_temp = data & mask_data; 
if (data_temp == 0) 
x84write_zero(io_port); 


r bit mask to isolate data MSB */ 
r loop through all 8 data bits */ 
r mask to determine next required data bit */ 
r if data bit is LOW, then ... */ 
r write a LOW bit to io_port */ 


x84write_one(io_port); 


mask_data = mask_data » 
1; 
r otherwise, write a HIGH bit to io_port */ 
r shift bit mask right to get next bit */ 


r Reads 8 data bits from the X84041 at io_port and reconstructs the databyte 
1*······················ 
."ft •••••••••••••••••• 
_••••• 
_••••••• 
_.""••••••• 
"_••••••• 
-*•• ,,1ft._ •• 
,,_. 
/ 


int x84data_get(int 
io_port) { 


int n,biUemp[9]; 
biUemp[O]=O; 
for (n=1 ;n<9;n++) { 
biUemp[n] 
= x84read(io_port)+2*biUemp[n-1]; 


} 
return(bit_temp[8]); 


r clear array position 0, resetting previous sum */ 
r loop through 8 data bits */ 
r at the current position, shift the previous sum of */ 
r data bits left, read the next bit, add it to previous */ 
r sum, and store the result */ 
r return the data byle value 10 the calling routine */ 


r General READ master routine that is called by the user in order to read a 
r number of bytes from the X84041 at io--port 
/************************** 
._." •••••• * •• ft._.ft_ft._ft 
•• 
_. __ • __ •• _. 
•••• 
•• _ •• 
__ ••••• 
_._ 
•• 
_/ 


void read_X84041 (int no_bytes,int addr,int io_port,unsigned 
char *bytes) ( 


int n; 


x84reset(io _port); 
x84addr _send(7 ,io_port,addr); 
for (n=O;n<no_bytes;n++) 
( 
bytes[n ]=x84data_get(io_port); 


r reset the X84041 */ 
r send the address bits (don't cares & addr) */ 


r loop through all bytes to be read (no_bytes) */ 
r receive each byte and store sequentially */ 


r General WRITE master routine that is called by the user in order to write a 
r number of bytes to the X84041 at io_port 
1********************************** 
."ft"ft1ftft"._ 
•• 
:IIt._ft•••••• 
"•••• 
_ "".""" 
* ftftftftft•••••••••• 
*** ••• / 
• 


void write_X84041 (int no_bytes,int addr,int io_port,unsigned 
char *bytes) ( 


int n; 


x84reset(io_port); 
x84addr _send(7 ,io_port,addr); 
for(n=O;n<no_bytes;n++) 
( 
x84data_ send( io--port,*(bytes+n)); 
x84write_start(io_port); 


r reset the X84041 */ 
r send the address bits (7 don't cares & addr) */ 
r loop through all bytes to be written (no_bytes) */ 
r sequentially send each byte */ 
r initiate nonvolatile write cycle */ 


r Main listing example to utilize these functions 
rr When used in a larger program, the following include directives must be 
r included prior to compilation. 
The example shows a page write of length 
r 4 bytes being initiated at address OxOOOof an X84041 memory mapped to 
r address Ox303. Data to be written is stored sequentially in send_buffer. 
r Similarly, 22 consecutive bytes are read from this X84041 starting at address 
r Ox01F and stored to receive_buffer. 
/********.* •••• *********************** 
•• ***************************************************/ 


#include <c:\xicor.c> 
#include <dos.h> 
unsigned char send_buffer[8], 
receive_buffer[512]; 


main 0 { 
write_X84041 (4,O,Ox303,&send_buffer); 
read_X84041 (22,Ox1F,Ox303,&receive_buffer); 


icor 
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NOVRAM vs. Battery Backed SRAM: Latch-up Considerations 
for 
Nonvolatile 
Systems 


by Gray Creager, 
September 
1994 


Nonvolatile memories come in many varieties (ROM, 
PROM, 
EPROM, 
etc..), 
however 
in-circuit 


reprogrammable 
nonvolatile 
memories 
are 
often 


significantly more useful. 
This second class includes 


devices 
that 
are 
nonvolatile 
due 
to 
underlying 


physical mechanisms available in a particular circuit 
technology (e.g. EEPROM, Flash EEPROM), as well 
as devices that rely on hybrid techniques (e.g. battery 
backed SRAM). 
A Flash EEPROM device typically 


allows for reprogrammability 
at 12V, while battery 


backed SRAM and EEPROM can be rewritten at the 
operating Vcc of the device, even during low voltage 
operation. 
Also, the endurance of flash type devices 


is 
typically 
10,000 
writes/byte, 
while 
full-feature 


EEPROMs usually offer 100,000 or more writes/byte. 
However, with a battery backed SRAM, there are 
essentially an unlimited number of writes/byte. 
Since 


this feature 
is an advantage 
in many applications 


(e.g. 
aircraft 
jet 
engine 
controllers, 
heating/air 


conditioning 
equipment, 
real-time data processing), 


Xicor 
produces 
NOVRAM 
(nonvolatile 
SRAM) 


devices which also allow for an unlimited number of 
writes/byte. 
These ICs consist of an SRAM array 


which is shadowed 
by an E2pROM 
array (Xicor's 


preferred terminology for EEPROM). 
The unlimited 


writes/byte benefit of the SRAM array is realized, with 
the advantage that the entire contents of SRAM can 
be copied to (or retrieved from) the E2pROM array 
whenever desired. An additional advantage of Xicor's 
NOVRAM 
technology 
is the 
1,000,000 writes/byte 


specification 
for the E2 array. 
Also, using Xicor's 


AUTOSTORE 
feature internally enables Vcc sense 


circuitry that will automatically initiate a transfer from 
SRAM to E2pROM, 
whenever Vcc dips below an 


acceptable threshold, thus guaranteeing nonvolatile 
storage during power cycles. 


With a battery backed SRAM, an externally attached 
Lithium battery discharges enough current into the 
SRAM array to keep it "ON" when power is removed, 
however, this type of solution will cause some unique 


problems for a designer. 
First, the packages are 
large due to the attached batteries. 
For example, 


Dallas 
Semiconductor's 
DS1220 
encapsulated 
package size is 1.34" x 0.72" x 0.415". 
Compare this 
to a size of 0.484" x 0.314" x 0.04" for a Xicor 
NOVRAM of equal density (Le. X20C16) in a TSOP 
package. 
The X20C16 TSOP occupies only 1.5% of 


the volume occupied by the DS1220!!! 
There are 
also 
increasingly 
strict 
regulations 
regarding 
the 
disposal of spent batteries that complicate 
matters 
and increase the cost to the customer. 
For battery 
backed devices, nonvolatility can only be guaranteed 
as long as the battery is good (usually specified as 10 
years maximum). 
In contrast, Xicor's E2 technology 
allows for a guaranteed data retention of at least 100 
years (theoretically as many as 50 billion years at 50° 
C). When the battery dies, there is no way to replace 
it, hence for every chip that is discarded when the 
battery runs out, a perfectly good SRAM die is also 
discarded. 
In spite of these problems, 
designers 


often 
feel 
that 
battery 
backed 
SRAMs 
are 
an 
adequate solution for their needs, however there are 
still 
other 
considerations 
that 
can 
make 
battery 
backed SRAMs a poor choice. 


One of these considerations is susceptibility to latch- 
up and 
latch-up 
related 
failures. 
Latch-up 
is a 
phenomena 
inherent in CMOS integrated circuits. 


Although it cannot be eliminated entirely, techniques 
exist to minimize the risk of latch-up when the IC is 
manufactured. 
In a CMOS process, parasitic bipolar 
transistors are created as shown in Fig. 1 (in this case 
an n-well process). 
Coupled with the inherent base 
resistances due to the substrate and the well doping 
levels, this 
NPN and PNP transistor 
combination 
forms a parasitic silicon controlled 
rectifier 
(SCR) 


circuit. 
Although normally reversed biased, if either 


or both BJTs are biased into the saturation region 
(and if the product of both betas is greater than 
unity!), a positive feedback 
circuit 
arises, causing 
both of these transistors to conduct heavily. 
Under 
• 


this condition, this parasitic circuit will draw a large 
DC current (BOmAor more!) by causing a short circuit 
between the power and ground rails. The necessary 
voltage 
to 
cause this 
phenomena is called the 
triggering voltage. 
Sustained DC currents of these 
magnitudes could breakdown gate oxides or cause 
electromigration 
failures 
within 
the 
metal 


interconnects. 


There 
are 
several 
causes of 
latch-up 
including 


internal transients during power-up, undervoltages or 
overvoltages applied to the I/O terminals, improper 
power supply sequencing, overvoltage on Vcc, or 
even radiation effects such as heavy ion single event 
upsets (SEU) or electromagnetic pulses (EMP). 
In 


the case of EMP, the cause of latch-up can be as 
seemingly benign an event as a nearby lightning 
strike! 


To lessen the risk of latch-up, IC manufacturers use 
both design, layout, and manufacturing techniques. 
When SiCMOS processes are available, designers 
can use bipolar I/O structures to help eliminate latch- 
up sensitive structures. 
Layout designers minimize 


latch-up by a liberal use of substrate contacts to each 
well and throughout the substrate. 
These contacts 


can then be directly connected to a supply pad with a 
metal interconnect. The closer these contacts are to 
the source contacts of MOSFETs with direct rail 
connections, the smaller Rsub and Rwell will be, 
which in turn minimizes the chances of latch-up. 


Avoiding convoluted structures of intertwined NMOS 
and PMOS transistors also helps. 
Since latch-up is 


more likely to occur around I/O structures where large 
currents can flow, guard rings can also be used 
effectively. Processingtricks relating to the doping of 
the active devices with additional acceptors (e.g. Au) 
and controlling the thickness of the epitaxial layer 
have also been shown to 
help 
lessen 
latch-up 


susceptibility. 


Unfortunately, even with the precautions taken by 
many IC manufacturers, care must also be taken 
when designing with CMOS circuitry 
in order to 


minimize the chance of latching-up the part. 
Input 


clamping diodes can be used to prevent overshoots 
and undershoots, but these add to the cost of the 
system. Current limiting resistors could also be used 
on each I/O pin, as well as current limited regulators 
for supplying power to the device. If the data busses 
are 
long 
enough, 
inductive 
ringing 
will 
cause 


overshoots and undershoots, so optoisolators can 
also be useful. 
Though these precautions can be 


taken, latch-up cannot be entirely eliminated. 
In 


certain environments or under extreme operating 
conditions, 
latch-up 
becomes 
a 
major 
reliability 


problem. 
Fortunately, 
latch-up 
is 
usually 
a 


nondestructive phenomena (assuming excessive DC 
currents are not allowed to flow for extended periods 
of time) and CMOS circuitry can be "reset" by simply 
cycling power. However, for battery backed devices, 
this will not always be possible! 
Once a battery 


backed SRAM latches-up, the increased current draw 
of the device will drain the battery in a matter of 
several hours. 
Since many of these devices are 


designed such that the battery cannot be deactivated 
or removed, latch-up always becomes a destructive 
phenomena. 
The nonvolatile data will then be lost 


and the only recourse is to replace the part. This can 
mean expensive product recalls or technician field 
visits. 


With Xicor's NOVRAM technology, even if a device 
latches-up, the system can usually be recovered by 
cycling power. 
In fact, data collected on Xicor's 


fabrication 
process from the various stress tests 


verify that Xicor products exhibit excellent latch-up 
immunity. 
Under absolute maximum ratings, this 


allows Xicor to specify NOVRAM pins at levels 


between -1V and +7V (with respect to Vss) without 
damaging the device. 
For Dallas Semiconductor's 


NVRAMs (battery backed SRAMs), the specification 
is between +7V and -O.3V. This limit is the most 
telling characteristic relating to latch-up susceptibility. 
With only O.3V tolerance below GND, the ground 
bounce, noise, and ringing associated with today's 
high speed hardware systems can easily cause a 
battery backed SRAM to latch-up. 
For this reason, 


Xicor NOVRAMs are used extensively in systems 
where latch-up failures cannot be tolerated. 
With 


their low power, superior endurance, and advanced 
features, 
Xicor 
NOVRAMs 
provide 
a 
complete 
solution for nonvolatile systems with a need for high 
write endurance. 
Listed below are Xicor's currently 


available 
NOVRAM 
products, 
as 
well 
as 
the 


packaging options available for each device. 


NOVRAMs 
Densitv 
Features 
Packa~es 


X20C04 
512 x 8 
150ns 
DIP28,LCC32,PLCC32 


X20C05 
512 x 8 
Autostore, 35ns 
DIP28,LCC32,PLCC32 


X20C16 
2048 x 8 
Autostore, 35ns 
DIP28,SOIC28, LCC32, PLCC32, TSOP32 


X20C17 
2048 x 8 
Autostore, 35ns 
DIP24 


XM20C64 
8192 x 8 
Autostore, 55ns 
DIP28 


XM20C128 
16384 x 8 
Autostore, 55ns 
SIP36 


X22C10 
64 x 4 
120ns 
DIP18,SOIC16 


X22C12 
256 x 4 
120ns 
DIP18,SOIC20 


X25401 
32 x 8 
Serial, SPI, Autostore 
DIP8,SOIC8 


X24C44 
16x16 
Serial,I'C 
DIP8,SOIC8 


X24C45 
16 x 16 
Serial, I'C, Autostore 
DIP8,SOIC8 
• 
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Programmable 
Write Protection for High Density Serial E2PROMs 
by Richard Downing, March 1994 


One of the major considerations when designing with 
any 
form 
of 
memory 
is 
ensuring that 
data 
is 
adequately protected. This is particularly true of 
programmable memory which may be subject to 
inadvertent write conditions. To guard against this, 
serial E 


2pROMs have up to now been protected using 
either a single hardware write protect pin or some 
form of software block protection. The Xicor SPI 
family of devices (X25080/160/320/640/642/128) is 
the first that combines the advantages of both of 
these 
techniques 
to 
provide 
a 
Programmable 
Hardware Write Protection. 


This 
hybrid form 
of 
write 
protection allows for 
selectable blocks of 
memory to be permanently 
protected via a hardware write protect pin that is 
enabled through software. The advantage of this 
scheme is that data can be downloaded to the device 
in-system and then be "secured" through hardware, 
without changing the status of any of the pins. 
Previously, devices using hardware protection have 
needed to be pre-programmed before being mounted 
onto a circuit board, thereby adding an additional 


manufacturing step. This new feature is particularly 
useful for systems utilizing surface mount devices, 
which 
are cumbersome to 
pre-program, 
and 
in 
applications where last minute programming may be 
requiredjust prior to shipment. 


The truth table for setting the various levels of 
protection available on the SPI devices is shown 
below. The WPEN (Write Protect Enable) bit is used 
to enable the hardware write protection and the BPO 
and BP1 (Block Protect) bits are used to define the 
blocks of the E 
2pROM array to be protected. These 
bits are nonvolatile and can be read or written via the 
Status register. The status of the WEL (Write Enable 
Latch) is determined by reading the Status register 
and must be set before a write can occur. This latch 
also 
provides 
additional 
protection 
by 
being 
automatically reset on the completion of a write cycle 
or after power-down condition. 


It should be noted that once hardware write protection 
has been enabled, it can 
only 
be disabled by 
changing the state of the write protect pin, and not 
through software. 


WP 
WPEN 
BPOand BP1 
BPOand BP1 
WEL 
BPOI1and 
Type of Write 
Pin 
Bit 
protected 
Unprotected 
WPEN bits 
Block Protection 
Memory Blocks 
Memory Blocks 


L 
1 
Not Writable 
Writable 
Settable 
Not Writable 
Hardware 


H 
X 
Not Writable 
Writable 
Settable 
Writable 
Software 


X 
0 
Not Writable 
Writable 
Settable 
Writable 
Software • 
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What is sue E2? 
by Ray Kahidi, January 1995 


Introduction 
This application note discusses the features of Xicor's 
SUC 
family 
of 
microperipheral 
products. 
Future 


families 
are 
planned 
to 
support 
other 


microcontrollers. 
Beginning 
with 
background 


information on the SUC family, this note will provide 
a detailed discussion of the unique features of the 
SUC E2. 


SUC Background 
Xicor continues to stay at forefront of advanced E2 


technology 
by employing 
its proprietary 
E2pROM 


process 
to 
come 
up 
with 
new 
and 
innovative 


products. The SUC gives design engineers a easy to 
implement interface with most popular microcontroller 
families. 


Since the SUC family is designed to directly interface 
to microcontroller families, 
it accepts a multiplexed 


ADDRESS/DATA 
bus 
from 
the 
microcontroller, 
eliminating 
an external 
address latch. 
Currently, 
microperipheral 
products exist for the 68HC11 and 


8051 
microcontroller 
families. 
The 
internal 


nonvolatile write cycle of a standard EEPROM device 
requires several milliseconds to complete. 
Once the 


internal programming cycle commences, the device 
tri-states 
its 
data 
bus and the 
microcontroller 
is 


unable to access the 
memory 
array. 
A second 


memory device 
is needed to hold the instructions 


(program) 
used by the 
microcontroller 
during the 


internal write cycle of the primary memory device. 


The SUC E2 has two separate banks of memory. This 
allows one bank to be read while the microcontroller 
is writing data to the other bank. This Concurrent 
Read During Write feature eliminates any need for a 
separate 
ROM 
for 
program 
storage, 
while 
the 


microcontroller modifies the contents of E2. 


Block Lock Protection is another advanced feature of 
the SUC devices. This allows the programmer 
to 
specify which of the eight 1K x 8 blocks will allow (or 
prevent) 
subsequent writes. This can be used to 


protect valuable data from accidental overwrites. 
On 
some of these microperipheral 
products, there are 
additional I/O port expanders. 
These devices have 2 


on-chip ports, of which port B can be configured as 
an output latch for the lower byte of the addresses 
being clocked in by the address latch input signal. 
These 
port 
expanders 
also 
have 
internal 


programmable nonvolatile chip selects. 


X68C75 and X88C75 SUC Features 
In addition to having all of the capabilities of the first 
generation devices (X68C64 or X88C64), the I/O port 
expander 
devices 
(X68C75 
or 
X88C75) 
have 
additional features. 
They each 
have two memory 


mappable I/O expansion ports. The I/O lines can be 
configured as inputs or outputs and one of the ports 
can be programmed to output the demultiplexed AO 
to 
A7 
addresses. 
These 
devices 
also 
have 
a 


programmable 
interrupt controller 
and 16 bytes of 
SRAM. 
To control the operation of the X68C75 or 


X88C75 and to interface with the control registers, 
these 
devices 
have 
several 
Special 
Function 


Registers (SFRs). These registers can be mapped to 
one of sixty-four 1K-byte segments in the 64K-byte 
• 
address range. Mapping is accomplished by writing a 
I 


value to the SFR Map register. This allows address 
lines A1O-A15 to specify the SFR base address. This 
on-chip programmable 
chip select logic eliminates 
the need for external address decoders. 


Address1 
Function 


00 
SFRMap register 


08 
PortB Dataregister 


10 
PortA Dataregister 


18 
InterruptControlregister 


20 
Configurationregister 


28 
Port B Pin register 


30 
PortA Pin register 


38 
E2 MemoryMap 


200-20F 
X68C75or X88C75SRAM 


10ffsetfrom baseaddress.Basecan be programmed 


on 1K-byteboundaries. 


The E2 Memory Map register controls the polarity of 
the RESET input, the mode of operation of port B 
(Le. LAM mode), and the address of the program 
memory. Port B can be configured as an I/O port or it 
can be programmed to output the demultiplexed low 
address byte. The program memory can be mapped 
(by 
three 
bits) 
to 
be 
at 
one 
of 
eight 
8K-byte 


boundaries. 
Both the 
SFR 
Map 
register and the 


Program Memory Map register are E2 cells, so they 
must be programmed with a special sequence, similar 
to that required when programming the main block of 
E2 memory. 
All 
other 
SFRs and the SRAM 
are 


volatile, so they can be written directly. 
sue E2 Operation 
SLiC E2 in a product name refers to devices with the 
SLiC code loaded at the factory. The SLiC is written 
to minimize intrusion in the 8K-byte memory space. 
Where 
possible, 
the 
SLiC 
routines 
are 
generic, 
allowing them to be re-usable by the application code. 


The primary goal behind designing the SLiC was to 
facilitate 
modification 
and 
downloading 
of 


microcontroller 
code to the SLiC family of devices 


without a special purpose programmer. The SLiC is 
capable of downloading code, from a PC, through a 
microcontroller's 
UART. 
A 
special 
transmission 


protocol is used to handle this downloading process. 


XSLlC is a driver program running on an IBM/PC 
compatible host machine. This program provides the 
user interface to the SLlC, through any of 4 COM 
serial 
ports 
(COM1-COM4). 
The 
XSLlC 
program 
converts Intel HEX or Motorola "S" files to the XCOM 
(Xicor Communication Protocol) format, supported by 
the SLlC, 
prior to downloading. 
The 
XSLlC 
also 


supports other features of the SLiC E2 devices, these 
are explained in more detail in AN64. 


The 
resident SLiC 
code 
has designated 
memory 
spaces allocated for its use. The user's application 
code should avoid using these areas as part of its 
code segments, otherwise it will overwrite the SLiC. 
Prior 
to 
downloading 
the 
application 
code, 
the 


application 
source 
files 
must 
be 
assembled 
and 


linked using information provided in Figures 2 and 3. 
Memory space taken by the SUC can be used as run- 
time data storage if there is no further need to modify 
or download a new copy of the application code. 


Application code can be written to replace the RESET 
vector with one that points to the application code 
instead of the SLiC. If this has been done, the system 
can be power cycled to begin execution of the user's 
code. 
Replacing 
the 
RESET 
vector 
requires that 


there be some way to re-invoke the SLiC. One way is 
to specify that the IRQ vector point to the SLiC MAIN 
routine. The SLiC can be restarted by generating an 
interrupt. Another way to get back to the SLiC is 
through a call to the SLiC MAIN routine from the 
application code. In this case, the RESET and IRQ 
vectors are free for other applications. This solution is 
hazardous; if the application code locks-up, the SLiC 
cannot be re-invoked. 


Version 3.0 of the SLiC allows execution of either the 
application code or the SLiC E2 code upon system 
power-up. 
If the SLiC receives any character from 


the UART other than "R" or "X", the application code 
will be executed on power-up. There is a two-byte 
entry reserved for the user's code address in the 
SLiC 
E2 function 
table. 
The 
table 
entry 
can 
be 


changed 
to 
point 
to the 
start 
of 
the 
application 


program. When the system is powered-up, the SLiC 
will jump to the application program once it receives 
an unknown command. 


The SLiC E2 configures the serial port to a variable 
baud rate mode. In this mode, the timer reload value 
determines 
the 
system's 
baud 
rate. 
The 
default 


setting for this constant is based on a system clock 
rate of 8MHz for the Motorola micros or 11.058MHz 
for the Intel micros, for a baud rate of 9600. If the 
target system is set up with other clock frequencies, 
then its timer constant value will be different than the 
default. A new timer constant value can be either 
programed into the SUC E2 using a programmer, or 
downloaded to it from the XSUC setup menu. 


Conclusions 
These 
SUC 
E2 
devices 
have 
multiplexed 


ADDRESS/DATA 
bus interfaces which eliminate an 


external address latch. 
They also offer a single chip 
solution, using their unique dual-plane architectures 
and eliminating 
the need for a separate device to 
hold 
instruction 
code 
during 
in-system 


reprogramming. 
Direct 
connection 
to 
a 


microcontroller's control pins provides for a "glueless" 
interface and the SUC E 


2 routines combine to make 
this a truly powerful solution. 
These on-chip SUC E2 


routines facilitate 
in-system 
reprogramming 
during 
manufacture or during field BIOS upgrades. The port 
expander 
devices 
contain 
chip 
select 
logic 
that 
eliminates the need for external address decoders, as 
well as 2 byte-wide 
110 ports that 
contribute 
an 
additional 
16 valuable 
ports 
that 
are 
lost 
when 
interfacing a microcontroller 
to external 
memories. 


When operated in the LAM mode (Latched Address 
Mode), these 110 ports will allow for interfacing the 
microcontroller to any other byte-wide devices via the 
de-multiplexed ADDRESS/DATA bus. 


ADDRESS 
ADDRESS 


Rev. 2.0 (X68C64) 
Rev. 3.0 (X68C75) 
Use 


EOOOH-E11FH 
EOOOH-E14FH 
SUC Code 


E120H-FEFFH 
E150H-FEFFH 
USER's Program 


FFOOH-FFBFH 
FFOOH-FFBFH 
SUC Code 


FFCOH-FFFFH 
FFCOH-FFFFH 
ISR & RESET Vectors 


ADDRESS 
ADDRESS 


Rev. 2.0 (X88C64) 
Rev. 3.0 (X88C75) 
Use 


OOOOH-002FH 
OOOOH-002FH 
ISR & RESET Vectors 


0030H-011 FH 
0030H-014FH 
SUC Code 


0120H-1EFFH 
0150H-1EFFH 
USER's Program 


1FOOH-1FFFH 
1FOOH-1FFFH 
SUC Code 
• 


iCOP 
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X88C64 SUC Memory Expansion and Prototyping 
Techniques 


by Ray Kahidi, August 1993 


The X88C64 SUC 
E2pROM 
provides 8K-bytes of 


byte alterable program and data storage. For many 
applications, 8K-bytes is not sufficient, as a result, 
more memory capacity must be added. While larger 
versions of the SUC family are in development, the 
only method to currently extend the memory capacity 
is to add 
an additional 
component. 
It would 
be 


advantageous to add this memory capacity utilizing 
additional X88C64 devices to retain the advantages 
of the architecture of the device. 


In order to better understand the problem we must 
first look at how we control the chip select of the 
X88C64 when only one of the devices is to be used. 


Hardware Issues 
The 8051 reset and interrupt vectors reside in low 
memory. As a result, if the system is going to use a 
single X88C64, it must also be mapped into this area. 


FFFFH 
FFFFH 


DFFFH 
DFFFH 


BFFFH 
BFFFH 


91FFH 
91FFH 


7FFFH 
7FFFH 


5FFFH 
5FFFH 


3FFFH 
3FFFH 


1FFFH 
1FFFH 


OOOOH 
OOOOH 


CE=A15 
CE=A14 


The X88C64 has a single active LOW chip select 
input and we can use any of the three most significant 
address lines (A15, A14, or A13) to control 
the 
X88C64 selection. A memory map for each of these 
possibilities is shown in Figure 1. 


There are several approaches to adding additional 
X88C64 devices to a system. Since the device has 
only a single active 
LOW 
chip 
select, 
additional 
X88C64 devices cannot be simply connected to other 
address lines of the 8051. Some amount of address 
decoding must be added to the system. The problem 
with this approach is that it requires the addition of 
another component 
on the 
PC board. 
Using the 
output of one of the 1/0 ports from the 8051 as a chip 
enable signal is not recommended, 
since it might 
cause an asynchronous transfer of the read access 
between multiple devices, resulting in the misreading 
of the next opcode. 


FFFFH 


DFFFH 


BFFFH 


91FFH 


7FFFH 


5FFFH 


3FFFH 


1FFFH 


OOOOH 


CE=A13 - • 


The 
best 
option 
for 
adding 
additional 
memory 


capacity to an X88C64/8051 
system is to utilize a 


X68C64 as the second memory device. The X68C64 
is nearly identical to the X88C64, with the exception 
that several of the control lines have different names 
and that the polarity of the chip select is reversed, 
meaning that on the X68C64, chip select is active 
HIGH. The reason for using different 
input signal 


names on the X68C64 is to more closely match the 
signals on the 68HC11 microcontroller for which it 
was developed. The X68C64 will work perfectly well 
with an 8051 if the following connections are made: 


X68C64 PIN 
8051 PIN 


SEL 
PSEN 


E 
RD 


R/W 
WR 


CE 
A13 


AS 
ALE 


In order to get a contiguous mapping of both the 
X88C64 and X68C64, A13 should be used to drive 
the chip select lines of each of the devices. This will 
result in the memory map shown in Figure 2. A14 or 
A15 could also be used, but the address mapping of 
the 
X68C64 
would 
not 
be 
contiguous 
with 
the 


X88C64, 
possibly 
causing 
problems 
during 
code 


compilation and linking. 


FFFFH 


DFFFH 


BFFFH 


91FFH 


7FFFH 


5FFFH 


3FFFH 


X68C64 


1FFFH 


X88C64 


OOOOH 


Figure 2. X88C641X68C64 Memory Map Using 


A13 for Chip Select 


Software Considerations 
The X88C64 SUC software is able to operate in the 
above configuration since it has been written with the 
capability for accessing E2PROM memory throughout 
the entire 8051 address space. The only problem is 
that the X68C64 will be protected (by Software Data 
Protection) from being written to during the download. 
In order to get around this, first 
load a program 


through the SUC which will disable Software Data 
Protection for the X68C64. The disable Software Data 
Protection is a command which is undocumented in 
the data sheet, since it is not advisable 
to use it 
during normal system operation. The sequence is as 
follows: 


Data[AAH] ---> 
Data[55H] -----> 
Data[AOH] -----> 
Data[AAH] -----> 
Data[80H] ------> 


X555H 
XAAAH 
X555H 
X555H 
XAAAH 


This software 
routine for disabling 
Software 
Data 
Protection 
on 
the 
X68C64 
is shown 
below. The 


portion of the software which is contained in the box 
is the portion of software that actually performs the 
above 
write sequence to the X68C64, to disable 


Software Data Protection. 
It should be pointed out 


there is no 10ms wait 
routine at the end of the 


sequence. 
The 
reason for 
this 
is that 
the 
next 


instructions that the software will perform are to re- 
write the interrupt vector of the X88C64 to point back 
to the SLiC. Since this operation will require 10ms, 
we will use this interval also for timing the write cycle 
of the X68C64. 


0000 
0000 


ASSEMBLER 
VER.3.0 
ASSEMBLE 
LIST 
DATE: 
PAGE: 
1 
LINE 
STATEMENT 
SLIC. ASM 


1 
2 
OR 
OOOOH 


30 
3 
JMP 
DISABLE 
;Reset Vector 


ASM51 
» 
CROSS 
LaC. 
OBJECT 


0130 
4 
ORG 
0130H 


0130 
90 
25 
55 
5 DISABLE:MOV 
DPTR, 
#2555H 


0133 
74 
AA 
6 
MOV 
A, 
#OAAH 
0135 
FO 
7 
MOVX 
@DPTR,A 
0136 
90 
2A 
AA 
8 
MOV 
DPTR, 
#2AAAH 


0139 
74 
55 
9 
MOV 
A, #055H 


013B 
FO 
10 
MOVX 
@DPTR,A 


013C 
90 
25 
55 
11 
MOV 
DPTR, 
#2555H 


013F 
74 
AO 
12 
MOV 
A, 
#OAOH 


0141 
FO 
13 
MOVX 
@DPTR,A 


0142 
74 
AA 
14 
MOV 
A, 
#OAAH 


0144 
FO 
15 
MOVX 
@DPTR,A 


0145 
90 
2A 
AA 
16 
MOV 
DPTR, 
#2AAAH 


0148 
74 
80 
17 
MOV 
A, 
#080H 


014A 
FO 
18 
MOVX 
@DPTR 
A 
014B 
12 
1F 
40 
19 
LCALL 
01F40H 
;Send_SDP_HDR_LO 


014E 
90 
00 
01 
20 
MOV 
DPTR, 
#OOOlH 


0151 
74 
00 
21 
MOV 
A, 
#OOH 


0153 
FO 
22 
MOVX 
@DPTR,A 


0154 
A3 
23 
INC 
DPTR 


0155 
74 
30 
24 
MOV 
A,#030H 


0157 
FO 
25 
MOVX 
@DPTR,A 


0158 
EO 
26 POLL: 
MOVX 
A,@DPTR 


0159 
F8 
27 
MOV 
RO,A 


015A 
EO 
28 
MOVX 
A,@DPTR 


015B 
68 
29 
XRL 
A,RO 


015C 
20 E6 F9 
[0158]30 
JB 
Acc.6,POLL 
• 


015F 
21 
5F 
[015F] 
31 LOOP: 
AJMP 
LOOP 


The call to 01F40H is a call to the SDP_HDR_LO 
routine which is included in the SLiC software. After 
we re-write the RESET vector, we use Toggle Bit 
Polling to determine if the device is finished. The 
software will then enter an endless loop until a 
hardware reset occurs, at which time, SLiC will re- 
initialize itself and the applications software can be 
downloaded into both the X88C64 SLiC and the 
X68C64. 


After we download the applications software, we must 
enable Software Data Protection on the X68C64. This 
can be done again through the loading of a small 
routine which writes a dummy value to the X68C64 
using the SDP sequence. In order for the SLiC to be 
accessible 
after 
the 
downloading 
of 
the 
user's 


software, 
the, 
RESET 
vector 
should 
not 
be 


overwritten. Only during the execution of the routine 
to enable SDP on the X68C64 should the RESET 
vector be updated to point to the beginning of the 
application's 
software. 
The 
following 
flow 
chart 


describes the entire process of disabling the SDP on 
the X68C64, the downloading of the applications 
software, and the 
enabling of the 
SDP on the 


X68C64. 


Evaluation of the X88C64 (or X88C75) 
The X88C64 SLiC is a powerful integration of a state- 
of-the-art 
product 
architecture 
and 
preloaded 


routines for the 8051 family of microcontrollers. The 
basic purpose that was planned for the X88C64 SLiC 
was to reduce complexity of manufacturing 8051 
based 
systems 
by 
providing 
the 
capability 
of 


downloading the applications software through the 
8051 UART. This download capability eliminates the 
need to initially program the memory device prior to 
board assembly. This built-in software also simplifies 
the task of upgrading the software in the field, after 
the system is shipped to the end-customer. 


In addition, many engineers who have looked at the 
SLiC have thought that it would also provide an 
inexpensive development capability with which they 
can try out the various versions of their software in 
their target system, The only 
problem with this 


utilization of SLiC is if the applications software goes 
into an endless loop or hangs. Control will never be 
returned to the SLlC, therefore a new version of the 
applications software cannot be downloaded through 
the SLiC. 


There is an easy "work around" for this problem. If the 
target system is not going to utilize both of the 
hardware interrupts (INTOand INT1), one of them can 
be used to return control of the program to the SLiC 
routine. This can be done by including the following 
assembler directives in the application program: 


For INTO 


.ORG 
03H 


For INT1 


,ORG 
13H 


Followed by the ISR routine that responds to the 
external interrupt and forces execution of the SLiC 
code. 


MOV 
MOV 
DEC 
MOV 
RETI 


RO,SP 
@RO,#OOH 
RO 
@RO,#30H 


The initialization routine of the application program 
must include instructions to 
enable the 
external 


ORG 
200H 
APPS_MAIN: 
MOV 
SP,#60H 


SETB 
ITO 
SETB 
EA 
SETB 
EXO 


If an engineer wants to include this capability in his 
system, he should make sure that the switch or button 
that he uses to generate the interrupt pulse on the 
8051 is properly debounced and of sufficient duration 
to meet the specifications of microcontroller. 


X88C64 (or X88C75) Demonstration Circuit 
The following schematic shows the minimum number 
of components needed to build an X88C64 SUC 
E2pROM 
evaluation 
board, 
as 
well 
as 
the 


connections for evaluating a similar device with I/O 
ports (X88C75). The memory expansion techniques 
can be implemented with this circuit very easily, 


;CURRENT 
VALUE 
OF THE 
STACK 
POINTER 


;MSB OF THE 
SLIC ADDRESS 
;BACK UP ONE 
POSITION 
ON THE 
STACK 
;LSB OF THE 
SLIC ADDRESS 


;POP THE 
SLIC ADDRESS 
FROM 
THE 


;STACK UPON 
RETURN 


;SET THE 
STACK 
POINTER() 
;SET THE 
INTO AS EDGE 
SENSITIVE 


;ENABLE 
INTERRUPTS 


;ENABLE 
EXTERNAL 
INTO 


however this is sufficient to evaluate the use of the 
X88C64 in a user's system. The crystal for the 8051 
is chosen to be 11.0598MHz, which will insure that 
the on-board UART will be initialized at 9600 baud. 
The LT1181 from Linear Technology is a 5V only 
RS-232 line driver. If +12V and -12V are available 
on the target PC board, the LT1181 can be replaced 
by a typical 1488 and 1489 combination. 


The 9-pin RS-232 
connector can 
be connected 
directly to the serial port of an IBM PC compatible 
system. 
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Using XSLlC and Xicor's XCOM Protocol 


by Ray Kahidi, 
August 
1993 


The 
XSUC 
driver 
uses 
the XCOM 
protocol 
format 
to 


communicate 
with the 
SUC 
E2. This 
application 
note 


lists 
and 
explains 
some 
commands 
in this 
protocol 


that the SUC 
E2 (version 
3.0) recognizes. 


Power-Up 
Sequence 


When 
a microcontroller 
is reset, 
it begins 
fetching 
its 


initialization 
instructions 
from 
the 
SUC 
E2. 
The 


firmware 
initializes 
portions 
of the internal 
RAM, UART 


control 
registers, 
and 
some 
SFRs. 
At this 
point, 
the 
SUC 
E2, using 
the 
UART, 
transmits 
an acknowledge 


(ACK) 
character 
code 
68 
("0") 
to the 
host 
system, 


indicating 
that it is ready to process 
commands. 


The SUC 
E2 monitors 
the UART 
receive 
buffer for the 
10 request 
command 
"X". 
In response, 
the 
SUC 
E2 


firmware 
transmits 
an 
10 sequence, 
the 
firmware 


version, 
and a carriage 
return code. 


Device 
Programming 
The 
program 
command 
contains 
a 
header 
field, 


consisting 
of four bytes which 
precede 
every 
block 
of 


data sent to the SUC 
E2 for programming. 
The 
bytes 


in 
the 
header 
are: 
a 
lead-in 
character 
used 
as 


command 
type identifier, 
the total 
number 
of bytes 
in 


the 
data 
block, 
and 
the 
starting 
memory 
address 
of 


the first byte in data block (with the lower address 
byte 


first). 
A 
data 
block 
refers 
to 
a 
string 
of 
packed 


hexadecimal 
bytes 
conveying 
code 
and 
data 


information. 


The 
SUC 
E2 uses 
the 
page 
write 
mode 
in order 
to 
obtain 
shorter 
programming 
time. 
Hence, 
all 
data 


block content 
must belong to the same 
page. Address 


bits 
[12:5] 
of 
the 
start 
address 
specify 
the 
page 
number. 
The 
lower 
address 
bits 
[4:0] 
of 
the 
start 


address 
indicate 
an offset 
within 
the page. 
The offset 


value, 
plus 
the 
byte 
count, 
should 
not 
exceed 
the 
device 
page 
size 
of 
32 
bytes. 
After 
the 
SUC 
E2 


completes 
the programming 
of a data 
block 
into the 


device, 
it transmits 
an ACK character 
to the host. 


Host 
Command: 


SLIC 
E2: 


X 
D 
X88C75: 
v <CR> 
V 
Current 
SLIC version 
number 


Host Command: 
SLIC E2: 


M 


D 


M 
XX 
yyyy 


Command 
Preamble 
Byte Count 
Start Address 
- bits 
[4:0] 
[Byte Count 
+ offset 
<= 32 
• 


BPR Programming 
This command modifies the contents of the on-chip 
Block 
Protect 
register 
(BPR) 
before 
and/or 
after 


programming the part. 


Content Verify 
After programming the device with the desired data, 
the contents can be verified by sending data blocks in 
the same fashion as with the device programming 
command. The command identifier in the header field 
is 
changed, 
but 
the 
remaining 
parameters 
are 


identical. If the contents of the memory match the 


data block, a passed response is returned to the host 
(ACK character), otherwise a failed character (NACK 
"F") is returned. 


System Reset 
This command causes the SUC E2 firmware to restart 
by executing a software jump to the power-up routine. 
After 
initialization, 
the 
SUC 
E2 
sends 
and 
ACK 


character to the host. It then begins monitoring the 
input for the 10 request command "X". When the 10 
command is received, the SUC E2 responds with its 
10string. 


Host 
Command: 
DATA 
0000 
0001 


0000 
0010 
0000 
0100 
0000 
1000 
0001 
0000 
0010 
0000 
0100 
0000 
1000 
0000 


K 
Data 
PROTECTED 
RANGE 
[OOOOH-03FFH] 
[0400H-07FFH] 
[0800H-OBFFH] 
[OCOOH-OFFFH] 
[1000H-13FFH] 
[1400H-17FFH] 
[1800H-1BFFH] 
[lCOOH-1FFFH] 


Host 
Command: 
SLIC 
E2: 


V 


D 
F 


V 
XX 
yyyy 


xx 
YYYY 
Data 
(Pass) 
(Fail) 
Command 
Preamble 
Byte 
Count 
Start 
Address 
- bits 
[4:0] 


Host 
Command: 
SLIC 
E2: 


R 
X 
D 
X68C64: 
v <CR> 
V 
Current 
SLIC version 
number 


XSLlC Driver Overview and Command Interface 
The XSUC driver is a PC-based program that runs 
under MS-DOS 3.1 or later. It provides a menu driven 
user interface to the SUC E2 devices- through serial 
communications 
port 
in 
the 
PC. 
The 
in-system 


reprogramming feature of the SUC E2 devices are 
utilized 
to 
download 
application 
programs 
or 
to 


update existing 
code for de-bugging 
or upgrading 


purposes. The on-chip 
loader routines support the 


XCOM binary format, which is the communication 
protocol used by the XSUC to issue commands or 
send data and information to the SUC E2• 


XSUC starts-up by sending a reset command 
"R" 


through the host COMx port to the SUC E2. If an ACK 
response is not received, an error message followed 
by the main menu is displayed. Following an ACK 
response, the XSUC proceeds to issue the 10 request 
command 
"X". 
The 
SUC 
E2 
response 
contains 


information such as the device type and firmware 
version currently programmed into the device. Next, 
the XSUC searches in the current directory for its 
configuration file, the default name is "SUC.CNF". 
Other filenames 
can 
be substituted by entering 


filename on the XSUC command line. 
Detailed 


examination of the available options can be found in 
the following paragraphs. 


Download 
This option is used to program the application code 
into the SUC E2 device. The hexadecimal filename, 
including its path name if different from the current 
one, must be entered on the filename prompt line. 
Enter a blank line if the filename 
is previously 


specified using the FILENAME option. XSUC reads 
and converts the contents of the file to the XCOM 
binary format 
prior to downloading. Each packet 


transfer concludes with the SUC e sending an ACK 
or NACK character back to indicate the success or 
failure of the operation. If an ACK character is 
received, the XSUC prepares and transmits the next 
data block. The download process continues until 
either an EOF character is reached or a NACK 
character is received. The download option does not 
test if the data was properly stored into the device. 
The VERIFY option compares the contents of the 
device and contents of the file. 


Filename 
Use this option to specify the application program 
filename, including its path name, if different from the 
current path. The filename has to conform to the 
DOS specified file naming convention. When a valid 
filename is entered, the screen is repainted and the 
filename is displayed in the FILENAME option menu 
field. 
If the file is not found, an error message is 


displayed 
and 
main 
menu 
is 
displayed. 
The 


FILENAME option menu will contain either previously 
specified filename, or is blank if none was specified. 


Verify 
This option compares the contents of the SUC E2 


with the contents of the specified disk file. When 
selected, it prompts for filename; if none is specified, 
the previously entered filename is substituted. If no 
valid filename is given, an error message is displayed 
and the program returns to the main menu. When a 
valid filename is specified, its contents are scanned 
and translated to the XCOM binary format before 
transmission to the SUC E2• 
If all bytes compare 


correctly, the SUC E2 sends an ACK character "0". 
All of the blocks are sent until either an EOF 
character is 
read or 
a 
NACK character 
"F" 
is 
received. If the contents do not match, the SUC E2 


sends a NACK character. 


Reset 
This option sends a reset command to the SUC E 


2 
, 


forcing execution to 
resume from 
microcontroller 
RESET vector. The default reset vector points to the 
MAIN routine of the SUC 
E2 code. This routine 
initializes the stack, UART, receive buffer pointers, 
and other system parameters. An ACK character is 
then sent to the UART. The only commands that the 
SUC E2 will process at this stage are either the 10 
request"X", or another reset "R". 


SPR Programming 
This option allows for programming into the device 
the desired SPR value. The SPR is a nonvolatile 
register and it preserves its contents when the power 
to the device is removed. The SPR feature divides 
the E2 memory into (8) 1K-byte blocks. 
Each block 


has its control bit within the SPR. Setting a control bit 
will protect the corresponding block against all write 
operations. 
To give SUC E2 write access to a 
memory block, the control bit of the memory block 
must be set to "0". 
After the programming of the 
memory block is complete, it can be protected. Refer 
to the SPR command table for a complete listing of 
the available SPR values and their corresponding 
memory blocks. 


Relocate 
This feature is used to reposition the portion of the 
code which occupies the lower memory block. The 
new location starts at either 80H or 100H (versus the 
old position 30H). A prompt is displayed for the 
destination address selection. The purpose of the 
move 
is to eliminate conflicts 
which 
may exist 


between extra ISR vectors and SUC E2 code space. 
Some enhanced 8051 derivatives include expanded 
ISR vectors. If the additional resources are not 
employed by the application, relocation is optional. 


Setup 
This option provides reconfiguration of the RS-232 
communications parameters by the end user. The 
system baud rate can be customized to match the 
application's frequency requirements. The data length 
is fixed at eight, due to the nature of the XCOM 
binary format, 
and 
lower data 
lengths 
are 
not 
• 


supported. 
The 
stop 
and 
parity 
bits 
are 
also 
fixed. 


The default 
baud rate is set at 9600 bps. 


Baud Rate 
The 
default 
baud 
rate 
is set to 9600, 
however 
other 


values 
are supported. 
The timer 
constant 
value 
in the 


SUC 
E2 firmware 
controls 
the baud 
rate of the target 


system. 
The 
PC serial 
communications 
baud 
rate 
is 


determined 
by the values 
stored 
in high and low byte 


divisor 
registers. 
XSUC 
always 
displays 
the error 
rate 


between 
the 
SUC 
baud 
rate, 
calculated 
based 
on 


present 
timer 
constant 
value, 
and the 
PC baud 
rate. 


The value 
displayed 
in the BAUD 
rate field 
is desired 


and not the actual 
value. 
The PC divisor 
registers 
are 


programmed 
with 
the 
best 
estimates 
that 
will 


generate 
a rate 
closest 
to the 
selected 
value 
in the 


BAUD 
rate 
field. 
These 
values 
are 
copied 
to their 


respective 
hardware 
registers 
when 
the 
TEST 
or 


QUIT options 
are selected. 


The 
baud 
rate 
of the 
application's 
system 
board 
is 


determined 
solely 
based 
on the Timer 
Constant 
(TC) 


value 
programmed 
into 
the 
SUC 
E2 
and 
is 


independent 
of 
the 
value 
in 
the 
BAUD 
rate 
field. 
When 
the 
baud 
rate 
of 
the 
application 
board 
is 


calculated, 
if the TC value 
has not been modified. 
the 


result 
is based 
on the factory 
default 
TC value 
and 


the 
system 
clock 
frequency 
specified 
in 
the 


FREQUENCY 
field. 


After 
the 
parameters 
have 
been 
modified 
to 
match 


your 
system 
requirements, 
use the 
TEST 
option 
to 
verify 
the operation. 
If communication 
is successfully 


established, 
the 
UPDATE 
option 
can 
be 
used 
to 


program 
into SUC 
E2 the new TC value. 


System Clock 
The 
system 
frequency 
of the 
unit 
equipped 
with 
the 


SUC 
E2 device 
can be specified 
using the SYSTEM 


CLOCK 
option. 
When 
entering 
desired 
values, 
use 


the "M" character 
to specify 
MHz and "K" for KHz for 


the frequency. 
The default 
parameters 
of the SUC 
E2 


can not be initially 
modified 
without 
first 
establishing 


a communications 
link with it at the proper 
baud rate, 
which 
requires 
knowledge 
of 
the 
system 
clock 


frequency. 
If no entry is made for either the new baud 


rate or the system 
clock. 
the default 
values 
are used. 


The new system 
clock 
frequency 
is used to calculate 


the 
current 
baud 
rate 
of the 
SUC 
E2 system. 
The 


obtained 
baud 
rate 
is based 
on the 
timer 
constant 


value 
currently 
programmed 
into SUC 
E2 device. 
If 


the 
UPDATE, 
QUIT, 
or TEST 
options 
are 
selected, 


the host communication 
parameters 
are updated 
with 


the newly calculated 
values. 


When 
new 
values 
are 
entered, 
the 
XSUC 
first 


determines 
the current 
baud 
rate of the SUC 
E2 then 


it modifies 
default 
baud 
rate parameters 
of the SUC 


E2• resetting 
it so the new BAUD 
rate can take effect. 


RTS/CTS 


The 
RTS/CTS 
option 
field 
is used to directly 
disable 


the 
modem 
control 
lines. 
An "OFF" 
message 
in this 


option 
field 
indicates 
that the line's 
state 
is controlled 


via the BIOS function 
calls. 
If this field 
is set to "ON". 


then 
the 
modem 
control 
lines 
are 
disabled 
by 
the 


XSUC. 
The 
XSUC 
program 
assumes 
an 
8250 


compatible 
communications 
controller 
is being 
used, 


when writing 
to the modem 
control 
registers. 


COM x 


XSUC 
supports 
up 
to 
four 
different 
serial 


communications 
ports. The selection 
is entered 
using 


the 
COMx 
port 
option 
field. 
A valid 
entry 
is a digit 


between 
1-4. 
The 
base 
address 
of 
the 
ports 
are 


tabulated 
below: 


COMxPORT 
BASE ADDRESS 


1 
3F8 


2 
2F8 


3 
3E8 


4 
2E8 


BIOS/Hardware 
On some 
systems, 
the 
incoming 
characters 
are 
not 


buffered 
fast 
enough 
and 
are 
dropped. 
If this 
is the 


case, the communication 
interface 
experiences 
hang- 


ups or fails to get established. 


The 
problem 
is 
eliminated 
by 
enabling 
the 
direct 


hardware 
access 
mode. 
This 
is 
controlled 
by 
the 


option 
field 
"Hardware/BIOS". 
When 
this 
field 
displays 
an "ON" 
message, 
the XSUC 
will 
use direct 


hardware 
access 
to write or read from the UART. 
This 


feature 
only works on systems 
which 
are fully 
IBM PC 


compatible. 
If 
this 
option 
field 
displays 
an 
"OFF" 


message, 
the 
system 
BIOS 
calls 
are 
used 
to 
communicate 
with the UART. 
This 
will 
limit 
the baud 


rate selection range to the values supported by the 
BIOS functions. 


Test 
After 
all 
communications 
parameters 
are 
set 
to 
desired values, the TEST RUN option should be used 
to establish communications with the SUC E2 device. 
An error message is displayed when communications 
fail due to an improper baud rate setting. At this point 
the baud rate should be changed and the TEST 
option selected until the interface passes the test. 


Save 
Configuration, 
Recall 
Configuration 


If the communications parameters have changed, the 
new values can be stored into a diskfile for future 
use. Select the SAVE CONFIG option if you want to 
save the current settings. Use the RECAll 
CONFIG 


option to reload the previously saved parameters. 


When these options are selected, you are asked to 
enter 
the 
configuration 
file 
name. 
The 
default 


filename is used if the entry is omitted (SUC.CNF). A 
List of the parameters saved to the configuration file 
are as follows: 


Microcontroller type selected 


The COMx port number 


System clock rate 


Actual operating baud rate 


Timer constant value 


Desired baud rate 


Hardware or BIOS mode 


Base address of SUC ( 88Cxx SUC ) 


Modem control lines ( RTS/CTS ) 


E2 memory map address ( X88/68C75) 


SFR memory map address ( X88/68C75) 


The application file name entered 


Update 
The UPDATE SUC E2 option allows for updating the 
SUC E2 code on the device. Modified communication 
parameters 
may require a different timer constant 


value than that currently programmed into the SUC 
E2 device. 
Invoking the 
UPDATE SUC 
E2 option 


sends a new timer constant value to the SUC E2 


device. This option prompts for the base address of 
the current SUC code. Skip this step when using the 


standard 
version, 
however, 
if the 
SUC 
code 
is 
relocated to any location other than that used by the 
"Relocate" 
option, the new location must be entered 
here. If the firmware version of the SUC E2 code is 
not current, 
XSUC 
will 
prompt 
for 
permission 
to 
upgrade it. 


Quit 
Upon entering this option, the XSUC program will exit 
to its main menu. The newly entered communications 
parameters will replace the default ones. 


X881X68C75 
Support 
When an X68/88C75 SUC 
is installed, the set-up 
menu 
is 
expanded 
to 
include 
support 
for 
programming the EEM and SFRM registers on these 
parts. Selecting this option clears the screen and 
displays a new menu. If any of the default values are 
modified, the new value should be programmed into 
the SUC E2 device using the UPDATE option. The 
EEM/SFRM registers are updated by downloading a 
utility firmware to the SUC E2 device and executing 
the code. After the utilities 
perform 
their 
task of 
reprogramming 
the 
nonvolatile 
registers, 
by 


generating the required sequences, 
they reset the 
execution back to the SUC E2 MAIN routine. 


E2 MEMORY 
ADDRESS 
This 
option 
is 
used 
to 
specify 
the 
E 


2 
memory 


mapped address range. Entering this option prompts 
for a number between 0 and 7. The corresponding 
memory range is shown below: 


MAP VALUE 
ADDRESS (HEX) 


0 
0OOO-1FFF 


1 
2000-3FFF 


2 
4000-5FFF 


3 
6000-7FFF 


4 
8000-9FFF 


5 
AOOO-BFFF 


6 
COOO-DFFF 


7 
EOOO-FFFF 
• 


When 
CS is enabled and an address which falls 


within 
the 
chosen 
address 
map 
appears 
on the 
address bus, the E2 memory is accessed. With the 
CS 
enabled, 
but the 
address 
outside 
of the 
E2 


memory range, access to the E2 memory is denied, or 
vice-versa. 
A valid address will not be acknowledged 


if it does not accompany an active CS signal. 


SpecialFunction Registers(SFR) Address 
This option is used to enter the SFR memory address 
map value. Upon entering this option, the system 
prompts for an entry between 0 to 32. These values 
and their corresponding memory map address ranges 
are tabulated below: 


MAP 
ADDRESS 
MAP 
ADDRESS 
VALUE 
RANGE 
VALUE 
RANGE 


0 
0000-03FF 
10 
4000-43FF 


1 
0400-07FF 
11 
4400-47FF 


2 
0800-0BFF 
12 
4800-4BFF 


3 
OCOO-OFFF 
13 
4COO-4FFF 


4 
1000-13FF 
14 
5000-53FF 


5 
1400-17FF 
15 
5400-57FF 


6 
1800-1BFF 
16 
5800-5BFF 


7 
1COO-1FFF 
17 
5COO-5FFF 


8 
2000-23FF 
18 
6000-63FF 


9 
2400-27FF 
19 
6400-67FF 


A 
2800-2BFF 
1A 
6800-6BFF 


B 
2COO-2FFF 
1B 
6COO-6FFF 


C 
3000-33FF 
1C 
7000-73FF 


0 
3400-37FF 
10 
7400-77FF 


E 
3800-3BFF 
1E 
7800-7BFF 


F 
3COO-3FFF 
1F 
7COO-7FFF 


MAP 
ADDRESS 
MAP 
ADDRESS 
VALUE 
RANGE 
VALUE 
RANGE 


20 
8000-83FF 
30 
COOO-C3FF 


21 
8400-87FF 
31 
C400-C7FF 


22 
8800-8BFF 
32 
C800-CBFF 


23 
8COO-8FFF 
33 
CCOO-CFFF 


24 
9000-93FF 
34 
DOOO-D3FF 


25 
9400-97FF 
35 
D400-D7FF 


26 
9800-9BFF 
36 
D800-DBFF 


27 
9COO-9FFF 
37 
DCOO-DFFF 


28 
AOOO-A3FF 
38 
EOOO-E3FF 


29 
MOO-A7FF 
39 
E400-E7FF 


2A 
A800-ABFF 
3A 
E800-EBFF 


2B 
ACOO-AFFF 
3B 
ECOO-EFFF 


2C 
BOOO-B3FF 
3C 
FOOO-F3FF 


20 
B400-B7FF 
3D 
F400-F7FF 


2E 
B800-BBFF 
3E 
F800-FBFF 


2F 
BCOO-BFFF 
3F 
FCOO-FFFF 


Port B Mode Selection 
Port B can operate in two modes; general purpose 
110, or Latched 
Address 
Mode (LAM). This field 


toggles 
between 
the 
two 
modes. 
The 
bit 
which 


configures port B's operating mode is located in the 
E 


2M 
register. 
When 
this 
field 
is 
modified, 
the 


UPDATE option has to be used to write the new 
selection into the E2M register. 


Update E2M and SFRM Registers 
Changes 
to 
the 
E2M 
and 
SFRM 
registers 
are 
transferred to the SUC device using the UPDATE 
option. When selected, it prompts for the register 
name to 
be 
updated; 
only 
one 
register 
can 
be 
updated at a time. If the SFRM and E2M registers are 
both to be changed, then first update the SFRM. • 
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Introduction 
to Xicor's 80C51 SUC E2PROM Lap Kit Chipset: 
Simplifying 
the Tasks of Power Management, 
Keyboard Configuration, 
and LCD Control 


by Gray Creager, July 1994 


The 
constantly 
changing 
laptop 
computer 


marketplace requires solutions to several problems 
associated with bundling desktop computing power 
and configurability into systems of limited size and 
weight. 
With 
conventional 
designs, 
upgrading 


nonvolatile configuration information often requires 
the dismantling of the laptop unit and the swapping of 
parts, typically EPROMs. 
There are many obvious 


drawbacks to those designs. Now, Xicor introduces a 
chipset offering a much more flexible nonvolatile 
solution that is implemented in hardware, yet allows 
direct changes to BIOS firmware under software 
control. With this chipset, not only does the designer 
benefit from the advanced features of the 80C51SL 
architecture for keyboard control, but because of the 
use of 
E2pROM 
technology, any custom power 
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management routines can be implemented in BIOS 
and updated whenever required. 
Such fleXibility is 


essential 
for 
today's 
power 
hungry 
laptop 
and 
notebook computers. The LapKit chipset (Fig. 1) 
consists 
of 
an 
80C51SL 
advanced 
keyboard 
microcontroller, an X88C75 E2Microperipheral, and 
an X9241 Quad E2POT. 
With these 3 chips, the 
problems associated with 
OTP 
based 
keyboard 
controllers are resolved. 
Since the contents of the 
X88C75 E2 array can be updated in circuit, the 
problems and costs associated with the removal and 
replacement 
of 
EPROM 
memories 
are 
entirely 
avoided. The extra features and computation power 
of the 80C51SL also allow easy implementation of 
power management algorithms to extend battery life. 
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Finally, using just two E2POTs of the X9241, LCD 
brightness and contrast are easily controllable. The 
remaining two E2POTs can be used elsewhere in the 
system (e.g. volume control for a speaker, etc...). 


The 80C51SL is a low power, universal keyboard 
controller specifically designed for use in laptop and 
notebook computer applications. 
Using the 80C51 


architecture as it's core, this microcontroller has all of 
the functionality of the ubiquitous 8042 keyboard 
interface 
controller, 
yet 
with 
additional 
power 


management features. 
It is capable of operating at 


clocking frequencies up to 16MHz (at Vcc = 5V 
±10%) and is packaged in a 100 pin PQFP. Among 
the more useful extra features integrated into this 
device is a 4-channel, 8-bit successive approximation 
AID converter uniquely suited for power management 
duties. 
For 
interfacing, there are 4 
high-drive, 


bidirectional port pins which can be configured into 2 
standard serial interfaces, as many as 5 high-drive 
LED driver ports, up to 10 interrupts (including 6 
definable 
external 
interrupts) 
with 
selectable 


priorities, and internal power-down/idle modes to 
increase 
battery 
life. 
When 
the 
80C51SL 
is 


purchased as part of this chipset, the 16K-bytes of 
microcontroller 
ROM 
will 
contain 
Phoenix 


Technologies keyboard BIOS routines. 


The X88C75 SUC 
E2Microperipherai is a highly 


integrated 
microcontroller 
peripheral 
intended to 


interface directly to (and to greatly enhance the 
capabilities of) 80C51 family microcontrollers. It has 
8K-bytes of E2pROM organized in a dual plane 
architecture 
(4K-bytes each), 
allowing concurrent 


read during write ability. As with other Xicor devices, 
Software Data Protect logic is provided to prevent 
undesired writes to the E2 array, as well as the more 
advanced Block Lock data protection schemes for 
configuring 
the 
array 
in 
1K-byte 
sections. This 


configuration is stored in a nonvolatile register and 
will be retained, even after power is removed. 
The 


X88C75 contains vectors to BIOS routines in the 
microcontroller that allow the CPU to reprogram the 
device (e.g. to alter custom power management 
routines, to change the keyboard scan matrix, etc...). 
This 
device 
provides 
two 
general 
purpose 


bidirectional 
I/O 
ports, 
providing 
a 
total 
of 
16 


additional bit addressable port pins. 
The X88C75 


also 
features 
internal 
programmable 
address 


decoding, 
a 
multiplexed 
address/data bus, 
and 


16-bytes of general purpose SRAM. 
The other 
important feature of the LapKit is the SUC (Self 
Loading Integrated Code) pre-programmed into the 
80C51SL ROM. 
These executable 
routines are 


customized for use by the 80C51SL to establish a 
reprogramming interface 
between the CPU and the 


X88C75. Effectively, the E2 array of the X88C75 can 
be altered under CPU control (Le. from a special 
DOS or Windows program). 


The X9241 Quad E2POT is a nonvolatile, digitally 
controllable potentiometer which recognizes several 
different software commands passed on 
an 
12C 


compatible bus. These CMOS E 


2POTs each have 64 


wiper taps, with the ability to cascade any adjacent 
E2POTs for longer tap lengths. The wiper position for 
each E2POT can be stored in any of 4 associated 
nonvolatile registers for later recall. On power cycles, 
these four E2POTs will return to the tap positions that 
were previously stored in each respective 
initial 


register. 


There are several advantages of this chipset over the 
alternatives. The LapKit isolates power management 
from the CPU, and instead implements it with the 
excess computing 
power of 
the 
80C51SL. 
This 


alleviates 
vendor 
incompatibility 
problems 
that 


surface when second sourcing a CPU with a different 
implementation for system management mode (not 
all manufacturers adhere to a common set of tasks to 
be 
performed 
when 
a 
CPU 
enters 
SMM) 


Transferring the power management task to the 
microcontroller could be problematic for a designer 
who needs alot of BIOS code or needs to regularly 
upgrade this code. 
However, the Xicor LapKit is 


ideally suited for just 
such a task! 
With 
the 


80C51SL's 16K-bytes of 
ROM 
and 
8K-bytes of 


external memory in the X88C75, even the most 
ambitious power 
management 
schemes 
can 
be 


implemented. 
As upgrades are required, software 


executing on the CPU will allow direct 
in-circuit 


reprogrammability of the nonvolatile E2 array. 


With a trend toward longer product life for high 
performance 
laptops, 
expandability 
becomes 
an 
important issue to the consumer. 
However, the 


consumer will 
not want to 
sacrifice 
battery 
life 


because of these enhancements. Consequently, the 
addition of new components to the system will require 
different power management schemes. 
With the 


LapKit, the vendor can allow for appropriate changes 


simply 
by 
providing 
reconfiguration 
software 
for 


consumer 
use. 
Also, 
as NiCd 
batteries become 


outdated by newer and better technologies, a laptop 
computer 
could 
be reconfigured 
for 
other battery 


types 
simply 
by altering 
the 
power management 


BIOS. 
In this manner, the LapKit can be used to 


make 
a 
laptop 
nearly 
as 
expandable 
as 
a 


conventional desktop PC, where power management 
requirements are not normally of concern. 


Other uses for the X88C75 code space include the 
ability to re-map the scanning matrix of the keyboard 
at any time. 
This feature would be useful when 


switching 
between 
incompatible 
keyboards 
at 


separate 
locations. 
These 
BIOS 
and 
"custom" 


routines 
are 
interrupt 
driven, 
allowing 
greater 


flexibility to enable/disable certain routines using the 
vector redirection table included on the X88C75. The 
ROM includes the RESET and ISR vectors, SUC 
routines, Phoenix keyboard BIOS, and generic fc 
interface 
routines. 
Using 
these 
12C 
routines, 
a 


System Management Bus (see the Intel and Duracell 
Smart Battery specification) or an ACCESS.bus could 
also be implemented. 
The X88C75 E2 array includes 


the previously mentioned interrupt redirection map, 
"custom" 
keyboard 
matrix, 
a command 
redirection 


map, and any other "custom" code. This provides for 
efficient 
and 
powerful 
software 
control 
of 
the 


80C51SL microcontroller. 
The segmentation of the 


80C51SL memory map is shown below. 
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Finally, the X9241 Quad E2POT can be used for a 
variety of tasks in the laptop environment, 
including 


control of the LCD. In the backlighting circuitry of the 
LCD, 
it 
is 
of 
great 
benefit 
to 
manipulate 
the 
brightness of the display screen. 
Intelligent control 


will decrease the current draw on the battery and 
extend it's life before recharge. Consequently, this is 
an important part of power management. 
The X9241 


will allow several different brightness settings under 
digital control, since it is often a nuisance to have the 
LCD go dark when not in constant use. 
Using an 


E2POT is identical to a conventional mechanical pot 
or slider switch, but with the additional advantages of 
digital control. Similar uses can be found for contrast 
control, volume control, etc... 


Clearly, the Lapkit will be a significant enhancement 
of 
the 
features 
of 
the 
workhorse 
80C51 


microcontroller 
family. 
In 
comparison 
to 
other 


keyboard 
controllers, 
Xicor's 
LapKit 
will 
provide 
greater functionality and more nonvolatile features. 
With flexible power management, keyboard, and LCD 
control, this chipset will be a complement 
to any 


laptop or notebook design. 
There is a 5V (±10%) 


chipset available designated LapKit 51, as well as a 
3.3V (±10%) version designated LapKit 51LV. 
At the 
time of this databook's publication, the LapKit 51LV 
chipset's economical price of $25 for 10,000 units or 
more, with the previously described functionality, 
is 
unprecedented in the laptop world. 


• 
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Using SUC Devices with NEC 78K2 Microcontrollers 
by Carlos Martinez, August 1994 


Introduction 
This application note discusses the design of a 
system that combines an NEC uPD782xx (78K2) 
microcontroller with a 
Xicor X88C64 or X88C75 


E2PROM, 
however 
with 
minimal 
changes, 
the 


firmware can also support members of the K3 family. 
The design requires no glue logic, uses only a single 
memory device, and utilizes firmware available from 
Xicor to implement the SUC (Self Loading Integrated 
Code) interface to a host PC. 
sue E2PROM Basics 
The 
X88Cxx 
E2PROM 
family 
members 
are 


nonvolatile 
memory 
devices 
accommodating 
a 


multiplexed 
ADDRIDATA 
bus. 
Their 
dual 
plane 


architecture 
allows 
writing 
to 
one 
plane 
while 


continuing to read from the other. Current family 
members include the X88C64 and X88C75. Both 
have 8K-bytes of on-chip storage. The X88C75 adds 
two, byte-wide, bidirectional I/O ports (capable of 
providing DEMUXed address outputs), 16-bytes of 
SRAM, a programmable address decoder, and an 
intelligent interrupt controller. 


The purpose of the SUC firmware is to provide a 
means of 
loading 
application 
software 
into 
the 


program memory through the 78K2 UART. This 
ability 
eliminates 
the 
need to 
pre-program the 


application code to the device prior to PCB board 
assembly. 
It 
also 
facilitates 
repetitive 
software 


downloading in various stages of 
manufacturing, 
when making changes during program development, 
and when managing firmware upgradesto systems in 
the field. 


The ability to run code out of the X88Cxx device, 
while loading new code, is a unique feature of the 
device. With two independent arrays of E2PROM, the 
microcomputer can execute code from one array, 
while writing to the other. This feature is called 
Concurrent Read During Write. 


When 
the 
board 
is 
powered-up, 
the 
78K2 


microcontroller begins to execute code out of the 
E2PROM. The code initializes the microcomputer and 
establishes communication with the host through the 
serial port. The host uses the SUC firmware to 
program the 
Block 
Protect 
register 
(BPR) 
and 
download the user's application software. Control can 
be transferred to the user's application software by 
performing a hardware or software reset. The SUC 
routines can stay resident in the E2PROM. Whenever 
subsequent downloads are desired, the application 
software can change the RESET vector to return to 
the 
SUC 
firmware 
on 
the 
next 
system 
reset. 


Alternately, an external interrupt vector can be used 
to re-invoke the SUC firmware. This is especially 
useful when the application software has become lost 
or "hung-up". The SUC firmware for the 78K2 device 
uses 511 bytes of the E2PROM and is split between 
the two planes. The firmware also uses 38 bytes of 
the 78K2 internal RAM. 


The host PC connects to the RS-232 port on the 
board and communicates with the SUC firmware. 
The host PC controls the download of the application 
software and 
other operations. 
Prior 
to 
loading 


application code, the host computer converts the 
application firmware 
object 
code 
into 
the 
Xicor 


communications 
(XCOM) 
format. 
Xicor 
has 


developed a program called XSUC that will perform 
~ 
this function on an IBM compatible computer. A copy 
••••• 


of the XSUC program is available. 


In addition to the download command, the SUC will 
recognize other commands from the host computer: 
Verify, Reset, Setup, Set BPR, and Quit. The XSUC 
program also has a Relocate command that is not 
used by the 78K2. 


78K2 sue E2PROM Implementation 
Figure 1 shows a minimal implementation of the 
78K2 and either the X88C64 or the X88C75. This 
design assumes no other circuitry and no additional 
memory, hence there 
is no need for 
additional 


address decoding. The SUC firmware code is pre- 


loaded into the X88Cxx. When the board powers-up, 
the SUC code will initialize the 78K2 and establish 
communications with the host. Host commands will 
direct the SUC firmware to save into the E2PROM 
application program code received over the serial 
link. 
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P4SIAOO 


II.~ 
:1e 
xe.C75 


In order to write application code, it is necessary to 
know which 
areas of memory the SUC 
firmware 


uses. This is documented in Figure 3. From OH to 
7FH are 78K2 RESET, Interrupt, and CALLT vectors. 
The SUC code uses locations OH and 1H for a reset 
vector and location 7EH and 7FH for a CALLT vector. 
If the application code over-writes the RESET vector, 
the code must be able to re-invoke the SUC program. 
If code over-writes the CALLT vector, the SUC code 
will not work. 


Space is available 
on the X88Cxx for the user's 


application 
program 
from 
180H to 
1EFFH 
(7552 


bytes). For programmers not familiar with the 78K2, 
the 
CALLT 
vector 
area 
can 
also 
be 
used 
for 


application 
programs, 
if 
not 
being 
used for 
call 


vectors. 


The 78K2 does not provide address signals to the 
external world when addressing internal RAM or SFR 
areas, except 
for an external 
SFR area between 


OFFDOH and OFFDFH. Because of this restriction, 
and to provide maximum flexibility, the X88C75 SFR 
registers are mapped at location OF800H. This is set 
by writing to the X88C75 SFR Map register. Locating 
these registers at OF800H reduces the maximum 
code space by 1K bytes, but the design will be usable 
by all members of the 7821x and 7823x families. 


Since the address/data lines take up ports 4 and 5, 
and since port 4 and 5 registers reside in the SFR 
area (OFF04H and OFF05H), writing data to port 4 or 
port 5 registers can not activate the I/O expansion of 
the X88C75. It is necessary to relocate these ports to 
the X88C75 SFR area. To do this, the application 
code must write to OF804H or OF805H instead of 
writing to ports 4 and 5. In this way, data meant for 
port 4 goes to the X88C75 Port A and data meant for 
port 5 goes to the X88C75 Port B. 


Writing 
78K2 Application 
Code 


Writing 
application 
code 
for 
use 
with 
the 
SUC 


firmware is very easy. By using assembler directives 
for locating code and data space, there will be little 
problem 
with 
application 
code 
disrupting 
SUC 


routines. 


Some of these techniques are shown in the SUC 
listing. For example, 
to locate the SUC 
code to 
address 01FOOH,the directive: 


is used. Similarly, RAM is reserved for SUC firmware 
use by implementing the directive: 


Addr 
USE 
Comments 


OOOOOH- 
ISR Vectors 
0000-0002 SUC 
0003FH 
Reset Vector 


00040H- 
CALLT Vectors 
Also available for 


0007DH 
user's code 


0007EH- 
SUC Code 
007E-007F SUC 
0017FH 
CALLT Vector 


00180H- 
USER's Program 
01DFFH 


01FOOH- 
SUC Code 
01FFFH 


02000H- 
USER's Program 
Other memory 
OF7FFH 
devices 


OF800H- 
X88C75 Internal 
[See Figure 3] 
OF838H 
SFRs 


OFAOOH- 
X88C75 RAM 
OFAOFH 


OFBOOH- 
USER's RAM 
Internal to 
OFDFFH 
78K2Size depends 
on choice of 78K2 


OFEOOH- 
STACK RAM 
Used by SUC, but 


OFE1FH 
can also be used 
by application 


OFE2Q- 
USER's RAM 
Internal to 78K2 
OFE9BH 


OFE9CH- 
SUC RAM 
Can be used by 
OFEC1H 
application, if no 
SUC routine used 


OFEC2H 
Macro Service 
OFFFFH 
General Purpose 
Special Function 
Registers 
• 


Address 
Function 


OF800 
SFR Map Register 


OF808 
Port B Data Register (Port 5) 


OF810 
Port A Data Register (Port 4) 


OF818 
Interrupt Control Register 


OF820 
Configuration Register 


OF828 
Port B Pin Register 


OF830 
Port A Pin Register 


OF838 
Program Map Register 


OFAOO- 
X88C75 RAM block 


OFAOF 


When 
moving 
between a 78K2 ROM part and a 


78K21X88C75 with I/O expansion, writing to Ports 4 
and 5 is handled differently. To prevent a great deal 
of 
code 
modifications, 
conditional 
assembly 


directives 
can be used. In this way a single line 


change 
will 
accommodate 
either 
hardware 


configuration (see Figure 4). 


; $ 
$ 
$ 
PORT4 
PORTS 
$ 
PORTS 
PORT4 
$ 


(SW1) ;ROM devices 
(SW1) ;ROMless 
devices 


(SW1) 
OFF04H 
OFFOSH 


SET 
RESET 
IF 
EQU 
EQU 
ELSE 
EQU 
EQU 
ENDIF 


OF808H 
OF810H 


MOV 
A, PORT4 
MOV 
PORTS,A 


Other limitations 
in fully 
emulating 
a 78K2 
ROM 


device are the loss of two I/Os and the need to add 
X88C75 I/O port setup routines to existing 
"ROM" 


code. The I/Os are lost since the read and write lines 
share pins with Port 6 I/O. These cannot 
be re- 


created by the X88C75. 


The port I/O software needs to modify the SFR Map 
register of the value 03FH to map the X88C75 SFRs 
to address OF800H. As a default, 
the SFRs are 


mapped to address OFCOOH.Those members of the 
78K2 family with 1K internal RAM cannot utilize the 
X88C75 features with default SFR mapping. Once the 
SFRs 
are 
mapped, 
configuration 
information 
is 


loaded into the Interrupt Status register (ISR) and to 
the Configuration register (CR). These are located at 
OF818H and OF820H, respectively. This configures 
the operation of the ports and interrupts. 


XSLlC Command interface 


The XSUC program is a DOS based software driver, 
designed to facilitate communication 
with the SUC 


E2pROM. 
The 
XSUC 
program 
can 
download 


programs to the SUC E2pROM devices by converting 
the files from either Intel Hex or Motorola'S' 
formats 


to the Xicor XCOM format, supported by the SUC 
firmware. 


Listed below are the commands 
available 
at the 


XSUC main menu: 


Option Name 
Function 


Download 
Download the specified file 


BPR 
Modify the BPR contents 


Verify 
Verify SUC contents match the file 


Filename 
Application Hex filename 


Reset 
Software reset for the SUC 


ReLocate 
Relocate the SUC code 


Setup 
Setup new communication parameters 


Quit 
Exit the SUC 


The XSUC 
Download option 
does 
not verify 
the 


programmed code. The verify 
option is used after 


programming, to check that the download has been 
successful. 


Xicor Application Note 


XCOM Format 


XCOM 
is 
the 
protocol 
format 
that 
is 
used 
to 
communicate with the SUC E2PROM. The following 
lists explain some of the commands in the protocol. 


Power-Up Sequence 


After RESET, the SUC E 
2PROM initializes portions 


of the internal 
RAM, UART control 
registers, and 


some SFRs. The SUC firmware eventually sends a 
'D' character over the serial link to the host indicating 
that it is ready to receive a command. The SUC 
firmware 
monitors the UART receive buffer for a 


request command 'X'. In response, the SUC firmware 
transmits an ID sequence, the firmware revision, and 
a carriage return code. 


Device Programming 
A header field, consisting of four bytes, must precede 
every block of data sent to the SUC E2PROM for 
programming. The bytes in the header are a lead-in 
character 
used as a command 
identifier, the total 


number of bytes in the data block, and the starting 
address of the first byte in the data byte (lower byte 
first). A data block refers to a string of packed hex 
bytes conveying code and data information. 


The SUC 
E2PROM 
uses the X88Cxx 
page write 


mode in order to obtain a shorter programming time. 
Hence, the data block content must belong to the 
same page and bits [12:5] of the start address must 
specify the page number. The lower address bits [4:0] 
of the start address indicate an offset within the page. 
The total offset value, plus the byte count, should not 
exceed the X88Cxx page size of 32 bytes. 


After the SUC E2PROM firmware programs the data 
block into the device, an ASCII 'D' is transmitted to 
the host. 


SPR Programming 


This command modifies the contents of the on-chip 
Block 
Protect 
register 
(BPR) 
before 
and/or 
after 


programming the part. 


Content Verify 


After programming the device with the desired data, 
the contents can be verified by sending data blocks in 
the same fashion 
as in the device 
programming 
command. 
The 
header field 
specifies 
a different 
command identifier, but all other parameters are the 
same. If the contents of the memory match the data 
blocks being verified, 
a block passed response is 
returned, 
otherwise 
a 
block 
failed 
message 
is 
returned. 


System Reset 


This command causes the SUC E2PROM firmware to 
restart by jumping to the power-up start routine. 


SUC Firmware discussion 


The SUC software that is loaded to the X88C64 or 
X88C75 occupies about 512 bytes of the 8K-byte 
capacity of the device. It is not possible for the SUC 
firmware to download software to completely replace 
these 500 bytes, but care should be taken when 
writing application code to avoid overwriting any part 
of the SUC code. The user's application code could 
intentionally over-write the SUC code, however it is 
recommended that the SUC code be left resident to 
facilitate future downloads. 


Note: 
There are two routines in the SUC code that 
are not currently used by the XSUC program. These 
are available to the application 
code. The first of 
these routines is "proc_sfr". This is used to send a 
byte to the SFR Map register. This byte maps the 
X88C75 SFR registers to a 1K-byte segment. The 
second routine is "proc_eem". This is used to send a 
byte to the EEM Register of the X88C75. This byte is 
used to program the operation of Port B (either I/O or 
the low address byte), the polarity of the RESET pin, 
• 
and the mapping of nonvolatile memory to an 8K- 
I 
byte segment. 


Code Listing 
The entire code listing for this 78K2 SUC firmware is 
available 
on 
the 
Xicor 
BBS 
at 
(800) 
258-8864, 


operating at up to 19.2K baud. 
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What is PASS E 
2? 


By Richard Downing, March 1994 


Introduction 
The X76041 PASS E2 is a high security device 
containing four E 


2pROM memory arrays. The level of 


protection, against unauthorized access, given to 
each array is highly configurable, with access being 
restricted 
using 
three 
64-bit 
programmable 


passwords: 
the 
Read, 
Write, 
or 
Configuration 
Password. The Configuration Password is the "master 
key" that allows unlimited access to the memory 
arrays and is required to configure the security 
options. The Read and Write Passwordsare used to 
provide limited access to the otherwise protected 
array memory. 


The X76041, whose block diagram is shown in Figure 
1, uses a 
standard ISO 
pinout with 
the 
serial 
communication interface consisting of a clock line 
(SCL) and a bidirectional data line (SDA). Each part 
is accessed through a chip select input (CS) and 
identified using the response to reset (RST) pin that 
initiates a predefined 32-bit data stream. 


This CMOS device uses Xicor's proprietary Direct 
Write 
cell 
technology 
to 
provide 
four 
128x8 
nonvolatile 
E 


2pROM 
memory 
arrays, 
with 
an 
endurance of 100,000 cycles per byte and a minimum 
data retention of at least 100 years. 


CHIP 
ENABLE 
DATA 
TRANSFER 
• 


Password Protected 
The three 64-bit passwords, used to safeguard the 
integrity of the X76041, provide a high level of 
security. These passwords are reprogrammable and 
can be encrypted on the fly to enhance security. The 
probability of guessing a correct password is one in 
18 quintillion (2 


64 = 18,446,744,073,700,000,000). 


Access to a protected array is achieved by sending 
the appropriate password as part of the operation 
sequence, waiting 10ms and polling to check the 
validity of the password. This password "checking" 
delay ensures that large numbers of access attempts 
can not be tried in a short period of time and results 
in the minimum amount of time required to try all 
possible combinations being well over 5.8 billion 
years. 


Configurable Security 
The 
X76041 
uses 
five 
E 


2pROM 
configuration 


registers, 
that 
are 
programmed 
using 
the 


Configuration Password to configure the levels of 
security required by an application: Array Control 
register 1, Array Control register 2, Configuration 
register, Retry register, and Retry Counter register. 


The two Array Control registers control the levels of 
protection given to the four memory arrays. These 
registers determine which passwords, if any, are 
required to gain access to the individual arrays and 
define any restrictions imposed on the reading and 
writing of data. One such restriction, allowing bits to 
be changed only from "1s" to "0" and not "0" to "1s" is 
particularly useful in debit-type applications where 
credits are required to be deleted, but not added. 
These restrictions do not apply when the arrays are 
accessed using the Configuration Password. The 
Configuration 
register, 
Retry 
register and 
Retry 


Counter and are used to limit the number of invalid 
password attempts. The Retry register stores the 
maximum number of permitted password attempts, 
the Retry Counter counts the number of invalid 
attempts, and the Configuration register configures 
the operation of the Retry counter and defines the 
consequences of the Retry Counter being equal to 
the Retry register-access 
to the arrays may be 


restricted 
to 
configuration 
operations 
only 
or 


permanently terminated by "killing" the device. 


• 
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2 
Customizing 
Communication 
Parameters 
on the SUC E 


by Ray Kahidi, August 1993 


The X88C64 SUC E 


2 configures the 8051 UART to 


operate at a 9600 baud rate. In many applications it is 
desirable to change the baud rate to a different value. 
For a temporary change in the baud rate, update the 
timer1 reload constant in register TH1 at run time and 
after the SUC 
E2,s initialization 
of the UART. To 


permanently set a new default baud rate, one must 
modify the section of SUC E2 code that holds this 
parameter 
value. 
The 
location 
is OOFDH in 
the 


current versions of the SUC E2 code (revisions B.2.0 
and B.2.1). The new timer1 constant can be either 
programmed 
into the SUC E2, using an EEPROM 


programmer, or downloaded to the SUC E2 from the 
XSUC setup menu. 


One can obtain new timer1 reload constants using the 
following equation: 


BAUD 
te = 2(CRYSTALfrequency) 
ra 
(32)(12)(256 - TC) 


CRYSTALfrequency: The frequency of the external 
crystal/oscillator 
or 
clock 
connected 
to 
the 
microcontroller. 


The table below gives some timer1 reload constants 
for commonly used baud rates and crystal/oscillator 
values. Again, the SUC E2 sets the default baud rate 
of the 8051's serial communication 
port to 9600. 
However, with this information, the user's application 
program may elect other values 
as the power-up 
baud rate. 


BAUD 
rate 
TC 
(f = 11.058MHz) 
TC 
(f = 12MHz) 


9600 
FAH 
F9H 


4800 
F4H 
F3H 


2400 
E8H 
E6H 


1200 
DOH 
CCH 
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The X24C44 NOVRAM Teams up with 8051 Microcontrollers 
by Rick Orlando, January 1990 


Introduction 
The X24C44 is a 256-bit serial NOVRAM internally 
configured as sixteen 16-bit words of RAM overlaid 
bit for bit with a nonvolatile E2pROM. The X24C44. 
has the standard 
hardware 
RECALL and STORE 


inputs 
plus 
the 
ability 
to 
perform 
these 
same 


operations under software control, thereby freeing two 
microcontroller 
port pins for other tasks. The serial 


interface allows the X24C44 to be packaged in a low 
cost space saving 8-pin mini DIP. When teamed with 
the 8051 family 
of microcontrollers 
(Figure 1), the 


X24C44's small 
physical size, software 
instruction 


set, and serial interface make it an ideal parameter 
storage and scratch pad memory, while maintaining 
full use of the 8051 serial port as a UART. 


Scope 
This 
application 
note 
describes 
interfacing 
the 


X24C44 with the 
8051 family 
of 
microcontrollers. 


8051 


8052 


px.x 


P3.1 
11 


P3.0 
10 


Emphasis will be placed on the timing considerations 
of the interface and explaining the modifications to 
the instruction words for normal device 
operation. 


This note assumes the reader has access to a Xicor 
Data Book and an Intel Microcontroller Handbook. 


Serial Port Operation 
Port 3 on the 8051 provides a serial port that can be 
used in two basic configurations, full duplex and half 
duplex. This note examines the half duplex (mode 0) 
operation when interfacing to the X24C44. Port 3 pin 
1 (P3.1) is the clock output for both transmit and 
receive modes and port 3 pin 0 (P3.0) is used for 
bidirectional 
data 
transfers. 
The 
clock 
output 
frequency 
is 
1/12 
of 
the 
XTAL 
oscillator 
input 


frequency. To simplify timing calculations, this note 
will assume an input frequency of 12MHz resulting in 
a symmetrical 1MHz output on P3.1. 


: 
HOST 


: 
SERIAL 
'14 
INTERFACE 


I 
, 


I 
I 
1 ________ 
I 
74HC367 


+5V 


X24C44 


CE 
VCC 
8 


2 
SK 
7 
STORE 
3 
6 
DI 
RECALL 
4 
DO 
5 
VSS 
- 


Figure 1. 8051 and X24C44 Interface Adds Scratch Pad RAM and Nonvolatile Parameter Storage via the 
8051 Microcontroller Serial Port and Still Maintain Full Use of the Serial Port as a UART. 


The 
P3.1 and 
P3.0 
pins, 
when 
inactive 
(neither 


transmitting 
nor receiving) 
are always a logic "1" 
(HIGH). When a data transfer commences, P3.1 will 
be LOW during machine cycle states S3, S4, and S5 
and will be HIGH during states S6, S1, and S2. 
When transmitting, data is shifted out on P3.0 during 
S6P2 (state 6 phase 2) LSB first. When receiving, 
data is sampled during S5P2. Refer to Figure 3 for 
the basic 8051 serial port timing. 


Hardware Connections 
The X24C44 directly interfaces with the 8051 with no 
external circuitry required. 01 and DO of the X24C44 
are both tied to P3.0, SK is tied to P3.1, CE is tied to 
any free 
port 
pin configured 
as an 
output, 
and 


STORE and RECALL are tied to Vcc (see Figure 2). 


8051 


8052 


+5V 


X24C44 
px.x 
CE 
vcc 


8 


P3.1 
11 
2 
SK 
7 
STORE 


P3.0 
10 
3 


RECALL 
6 
DI 
4 


DO 
5 
vss 


- 


X24C44 Operations 
Review 
The X24C44 is a serial device and in this application, 
all 
chip 
functions 
are 
handled 
via 
the 
software 
instructions. The 8051 transmits data LSB first, but 
the instruction format 
for 
the X24C44 
shows the 


instruction to be transmitted MSB first. This requires a 
simple transposition of the instruction, MSB for LSB. 
The memory is effectively a FIFO, so the data to be 
stored need not be transposed. 


Internally 
the 
X24C44 
increments 
a 
bit 
(clock) 


counter. This 
is used to indicate 
the 
end of 
an 


instruction 
and, 
if 
a 
read or 
write 
instruction 
is 


received, to increment a bit position 
pointer. This 


pointer enables individual RAM cells for writing and 
reading. The counter for the pointer increments from 
zero to fifteen. If CE remains HIGH and SK continues 
to clock, the counter will rollover from fifteen to zero. 
The word address does 
not increment, 
therefore 


during a write operation, if SK continues to clock and 
CE is HIGH, a 25th rising clock edge (8 edges for 
instruction + 16 edges for the data word + 1) would 
cause bit position zero to be overwritten. 


System Characteristics 
Under 
normal 
operating 
conditions, 
the 
X24C44 


expects CE to transition LOW to HIGH when SK is 
LOW in order that the first bit of data can be clocked 
into the X24C44 on the first rising edge of SK. The 
data is sampled to see if it is "0" (a don't care state) 
or a "1" which is recognized as an instruction start. 
The 8051, however, places both P3.1 and P3.0 in the 
HIGH state when not actively transmitting. 
THIS IS 


OK! 
The 
X24C44 
internally 
gates 
CE 
and 
SK; 


therefore, toggling the port pin controlling 
CE to a 


HIGH effectively generates the first rising edge of SK, 
and also clocks in the HIGH present at P3.0 (01). 


1 


_0 
tSKL 
(SOOns) 


What this does is clock a "1" into the X24C44 
indicating the start of an instruction prior to any 
shifting operation by the 8051 serial port. This will 
require dropping the leading "1" from the instruction. 
See Table 1 for the WAS/IS conditions for the 
equivalent instructions to be used by the 8051. 


The 8051 will still generate eight rising clock edges 
on P3.1 for each byte loaded into the shift register 
(SBUF), effectively providing the X24C44 with nine 
clocks 
for 
the 
first 
byte. 
For 
the 
single 
byte 
instructions, the ninth clock and data are ignored by 
the X24C44. Refer to Figure 4 for the single byte 
instruction timing. 


Writing 
Writing to the RAM array is straightforward. The write 
instruction is issued by the 8051 in the same manner 
as the single byte instructions. The MSB (eighth bit) 
of the instruction byte is clocked in on the equivalent 
ninth clock rising edge. This bit is recognized as the 
first data bit of the transfer and is initially written into 
the addressed word's bit position zero. The 8051 will 
continue to transmit two more bytes of actual data. 
The LSB (bit zero) of the first byte will be physically 
located in bit position one and all subsequent bits will 
also be offset by one. The MSB (sixteenth data bit) of 
the 
word will 
be written 
into 
bit 
position zero, 
overwriting the last bit of the instruction byte. Refer to 
Figure 5 for the sequence of operations. 


Reading 
Reading data back from the RAM array is quite 
similar. The X24C44 begins to shift data out during 
the instruction cycle (more on this later). After the 
instruction is shifted out, the 8051 must turn around 
P3.0 and configure it as an input. CE and SK are 
static during this period and the DO output will remain 
unchanged until after the rising edge of the first 8051 
receive data clock. Therefore, the first data shifted 
into the 8051 will be from bit position one, equivalent 
to the LSB originally written. Refer to Figure 5 for the 
sequence of operations. 


Conclusion 
This application note has shown that with no extra 
hardware, the X24C44 interfaces directly with the 
8051 
family 
of 
microcontrollers, 
providing 
a 
nonvolatile 
memory 
storage 
and 
scratch 
pad 
memory, 
while 
maintaining 
full 
8051 
UART 
capabilities. It is the ideal solution for applications 
where extra memory is required but few port pins are 
available for implementation. 
II 
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Recent Trends in Embedded Control Memory 
by Cliff Ziltlaw, January 1991, Presented at WESCON 1991 


Introduction 
The proliferation of embedded controllers into new 
environments has led to a second generation of 
application 
specific 
memories. 
Memory 


manufacturers 
have 
developed 
devices 
with 
architectural 
and 
operational 
characteristics 
that 


address 
specific 
design 
requirements. The 
new 


devices complement or even replace on-board ROM, 
RAM, 
or 
E2pROM 
memories 
found 
with 
most 


microcontrollers. 


This paper will 
briefly 
describe several memory 


families 
suited 
to 
specific 
embedded 
control 


environments 
and 
then 
focus 
on 
a 
"controller- 


specific" E2pROM device recently released by Xicor 
Inc. 


Memory Overview 
SERIAL MEMORIES: The majority of controllers sold 
for embedded applications are ROM based and offer 
different densities of on-board RAM and E2pROM for 
data storage. Off-board serial memories often provide 
a more cost effective solution than designing in a 
controller with 
extended on-board data memory. 
Serial memories based on E2pROM, ferro-electric, 
SRAM, or DRAM technology are now available with 
features tailored to specific environments. 


Most serial devices provide an interface to one of the 
standardized 
serial 
busses 
offered 
on 
many 


microcontrollers. These standard busses provide an 
effective 
means of moving data back and forth 


between the microcontroller and a serial memory. 
Three 
of 
the 
more 
popular busses include the 


MICROWIRE™ bus (National Semiconductor), SPI 
bus 
(Motorola), 
and 
the 
1 
2C 
bus 
(Philips 


Semiconductor). 


If 
a 
standardized 
bus is 
not available, 
general 


purpose I/O port lines can be used to communicate 
with 
a 
serial 
device. 
This 
implementation 
uses 


software to emulate the bus protocol. While there is 
added software overhead, this is the only method 


possible when a controller without a standardized 
serial port is used. 


Portable 
applications 
are 
demanding 
that 


components consume less current and operate at 
lower voltages. Therefore, many manufacturers are 
offering devices that operate at supply levels of 3V or 
below and consume less than 1mA of current when in 
active mode. 


EMERGING TECHNOLOGIES: 
Two 
technologies 


that have recently been introduced may have a place 
in embedded control environments. 


Ferro-electrics offer many of the nonvolatile storage 
features provided by E2pROMs and battery backed 
SRAMs. 
While 
process 
development 
is 
still 


underway,ferro-electrics should eventually become a 
significant 
technology 
for 
nonvolatile 
memory 


devices. 


A new twist on E2pROM technology has led to the 
development of a device capable of storing analog 
signals. Each bit in these E2pROMs store an analog 
level instead of the "1" or "0" stored in traditional 
memory devices. This new family of devices is well 
suited to applications where analog data logging is to 
be performed. 


HIGH 
SPEED 
MEMORIES: 
High 
performance 


products, such as laser printers, are using controllers 
with processing capabilities unheard of a few years 
ago. These high performance applications require 
much more sophisticated memories than those used 
by 
traditional 
microcontrollers. 
Parallel 
EPROM 


devices with cache-like features have emerged to 
keep 
up with 
the 
requirements of 
newer 
high 


performance controllers. 


DATA 
AND 
PROGRAM 
STORAGE: 
ROM-less 


controllers operate by accessing off-chip program 
memory stored in parallel memory devices. External 
memory requirements include program and often 
data storage. Recently introduced E2pROM based 
productsaddress the needs of both program and data 


• 


storage 
in 
low-end 
controller 
environments. 
The 


X88C64 from Xicor, Inc. provides E 


2pROM program 


and data storage 
for 
microcontrollers 
in a single 


package. 


External Memory for Microcontrollers 
The 
time 
and 
expense 
required 
to 
implement 


program 
changes 
in 
ROM 
based 
microcontrollers 


often makes external program memory an attractive 
alternative. 
EPROM based controllers are available 


at a substantial price increase but they do not address 
applications where additional data storage is required. 
In 
situations 
where 
on-board 
data 
memory 
is 


inadequate, 
an 
interface 
to 
external 
memory 


becomes a design requirement. Therefore, most 8-bit 
microcontrollers 
offer the ability to access off-board 


memory for program and data storage. An external 
memory interface 
is implemented 
by redefining 
I/O 


ports as the address, data, and control busses. 


Microcontrollers 
with the ability to access external 


memory usually have a multiplexed address and data 
bus to reduce the number of pins required for the 
external interface. Figure 1 shows how an EPROM 
can be interfaced to a microcontroller 
to increase 


program 
storage. 
The 
implementation 
shown 


effectively 
increases 
the 
program 
and permanent 


data storage of the circuit, but does not change the 
amount of programmable data memory. 


To increase the amount of alterable data storage, a 
second memory device must be added as shown in 
Figure 2. 
E2pROMs 
are often 
chosen 
for 
data 


storage due to their nonvolatile characteristics. 
The 


addition 
of 
programmable 
data 
storage 
can 
be 


implemented by using a parallel device, as shown, or 
with a serial E2pROM. 
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One advantage of using a parallel device is that part 
of the program code can reside in E2PROM, which 
allows for in-circuit program updates. However, one 
of the problems that must be solved when using 
E2PROMs for 
program storage is that during a 


programming cycle, taking up to 10ms, data cannot 
be read from the device. Because data cannot be 
read during 
an 
E2PROM write 
cycle, 
processor 


fetches must take place from a second memory 
device. The lack of a "read during write" feature 
makes it awkward or often impossible for a traditional 
E2PROM to be used as the only external memory 
device. 


X88C64 Description 
To solve the "read during write" dilemma, Xicor 
developed the X88C64. The X88C64 is the first in a 
family of devices offered by Xicor that are designed 
specifically for microcontroller environments. Figure 3 
shows the block diagram of the X88C64. The X88C64 
provides an architecture consisting of 2 independent 
4K x 8 E2PROM memories. Because each half plane 
is independent of the other, a write cycle can take 
place in one plane while opcode fetches are being 
performed from the opposite plane. The ability to 
read while a write is taking place is a unique feature 
that allows the X88C64 to fill the external program 


and 
data 
requirements 
in 
many 
microcontroller 


applications. 


Most microcontrollers provide a multiplexed address 
and data bus to reduce the number of pins required 
for 
an external 
memory 
interface. 
The 
X88C64 


supports this multiplexed bus structure by latching an 
address when the ALE input makes a HIGH to LOW 
transition and transferring data while ALE is LOW. 
The multiplexed bus feature eliminates the need for 
the external address latch required when a traditional 
byte-wide (parallel) memory is used. 


The ability to ensure data integrity in an E2PROM has 
been a design concern for as long as E2PROMs have 
• 
been available. Inadvertent writes during power-up 
and power-down are especially difficult to prevent in 
microcontroller based environments. The X88C64 
provides 2 different software methods of ensuring 
that inadvertentwrites do not occur. 


The first method required a 3-byte write sequence to 
occur immediately before new data is written into the 
X88C64 (Figure 4). This method is similar to the 
industry standard Software Data Protection (SOP) 
algorithm 
used 
on 
newer 
generation 
E2PROM 


devices. Each write operation in the 3-step sequence 
uses a 
different 
address/data combination. 
This 


unique combination of writes to the device before 


data is transferred, virtually eliminates the possibility 
of inadvertent 
write operations. 
The state of A12 


defines 
where 
data 
will 
be 
written 
during 
the 


SOP/data 
transfer 
sequence. 
Having 
A12 define 


which plane is to be written means that the address 
sequence used during the 3-step SOP sequence must 
be modified slightly depending upon which half plane 
is being altered. 


A second level of Software Data Protection has been 
provided with the nonvolatile Block Protect register 
(BPR). The BPR is an internal 
byte of 
E2pROM 


memory, with each bit controlling the write protect 
status of one of the eight 1K x 8 blocks. While a block 
is protected, the data in that segment can no longer 
be 
changed. 
If 
a 
protected 
block 
needs 
to 
be 


modified, its write protect bit in the BPR must first be 
reset before the block can be written. 


Modifying 
the 
BPR 
is 
performed 
with 
a 
6-byte 


sequence similar 
to the SOP sequence described 


earlier. Each bit in the BPR controls the write status 
in a different 1K x 8 block. Bit 0 controls the write 
protect 
status 
of 
addresses 
0000H-03FFH, 
bit 
1 


controls addresses 0400H-07FFH, etc. 


In addition to the software controlled write protect 
mechanisms on the X88C64, a hardware write control 
pin (WC) has been provided. Writes to the X88C64 
will be inhibited while the WC input is held at a HIGH 
level. If a write cycle is in progress when the WC pin 


goes HIGH, the write will be allowed to complete and 
then the X88C64 will enter a protected state. 


X88C64 Interface to the 8051 
The 
X88C64 
features 
an 
interface 
specifically 


designed to be compatible with the Intel 8051 family 
of microcontrollers. 
The ROM-less 
version 
of the 


8051, the 8031, is the ideal microcontroller 
for an 


X88C64 interface. The interface has been designed 
so that an X88C64 can be directly connected to the 
8031 with no supporting glue logic (Figure 5). The 
pins on the X88C64 are given the same names as the 
pins they connect to on the 8031. 
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The 8031 memory space is broken 
into separate 


program and data areas. Read/write data memory is 
accessible with the WR and RD outputs on the 8031. 
Program memory is read-only, with access controlled 
by the 8031 PSEN line. Direct in-circuit 
program 


modification is not possible because the 8031 does 
not provide any way to write to the program memory 
space. The traditional work-around, to allow writes 
into program space, uses glue logic to map a memory 
device into both the data and program spaces. The 
X88C64 maps both program and data memory into 
the same 8K x 8 address space to provide 
write 


capability to both memory spaces. Because of the 
dual 
plane 
architecture, 
program 
execution 
can 


continue out of one plane while a write is done in the 


other plane. This Concurrent Read Write™ feature 
makes the X88C64 an ideal choice when in-system 
program updates are required. 


The multiplexed 
address/data bus interface on the 


X88C64 is designed to connect directly to the 8031. 
Data transfer protocols on the AD lines and the ALE 
polarity 
match the 
requirements 
of an 8031. The 


X88C64's multiplexed 
bus eliminates 
the 
external 


address 
latch 
required 
when traditional 
byte-wide 


memories are used. 


If the 8K x 8 E2pROM 
density of the X88C64 is 


adequate 
for 
external 
memory 
requirements, 
the 


interface to an 8031 requires no glue logic. The CE 
input is connected to the A15 pin of the 8031, which 
maps the X88C64 into the memory space between 
OOOOHand 
1FFFH. All other pins are connected 


directly to the pins with the same names on the 8031. 
This 2-chip solution provides all of the functionality of 
the 6-chip circuit shown in Figure 2. 


The 
reduced 
parts 
count 
made 
possible 
by 
the 


X88C64 
provides 
several 
advantages 
over 
the 


multichip external memory configuration. 
The most 


obvious 
advantage 
is 
that 
circuit 
complexity 


decreases as the number of devices decreases. A 
second improvement is in the reduced printed circuit 
board space required to implement 
similar 
circuit 
functions. 
Manufacturing rework rates should drop as 
the number of devices on a PCB goes decreases. 
System reliability will also be improved because there 
are fewer components 
to 
fail 
on 
the 
PCB. 
The 


advantages 
provided 
by the X88C64 
make 
it an 


attractive alternative to byte-wide memories in ROM- 
less controller applications. 


Conclusion 
As 
microcontrollers 
proliferate 
into 
new 


environments, 
niches will continue 
to develop 
for 


peripheral memory devices to support specific design 
requirements. Memory manufacturers are becoming 
increasingly 
responsive 
to 
the 
application 
requirements of the embedded control market. This 
trend will quite possibly continue until traditional byte- 
wide memories are displaced by devices targeted at 
specific microcontroller environments. 
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® Application Note 


Implement 
a Nonvolatile 
Latch with E2POTs 


by Cliff Zitlaw, January 1993 


Many 
applications 
exist 
for 
nonvolatile 
event 


detection 
circuits. 
Circuits 
needing to sense an 


over/under-voltage 
condition 
often must remember 


that an event occurred, even after a power-down has 
taken place. These applications typically use latching 
relays when the input is automated, or switches when 
manual input is appropriate. 
Both latching relays and 


switches are forms of nonvolatile memory that can 
often be replaced with the circuit described here. 


The circuit shown in Figure 1 demonstrates how the 
32-tap X9313 E2POT can be configured to act as a 
single-bit 
nonvolatile 
latch. 
Any 
HIGH to 
LOW 


transition on the event detect input will change the 
output of the circuit to the HIGH state. 
This event 
detect input can be driven by a switch, as shown, or 
by the output of a transducer circuit. 
A manual reset 
is provided to allow the circuit to be returned to the 
LOW state. 


The circuit is designed around the X9313 nonvolatile 
digital potentiometer, 
but other Xicor E2POTs could 


be used. This device stores the "state" of the circuit 
by 
moving 
the 
wiper 
from 
one 
end 
of 
the 


potentiometer to the other. 
With the wiper moved to 


VH, the circuit outputs a logic "1", and when the wiper 
is moved to VL, a logic "0" is output. 
Once the wiper 


has been moved from one end of the resistor array to 
the other, the wiper position is stored in a nonvolatile 
E 
2pROM register. Moving the wiper is accomplished 


with a circuit that uses a Schmitt-triggered 
inverter 


and several discretes. 
The driver circuitry assures 


that when a HIGH to LOW transition occurs at the 
event detect input, the wiper of the X9313 will move 
from tap position 0 to tap position 31. 
Much of the 


circuitry is~sed 
t~nerate 
a one-shot pulse that 


allows the CS and INC pin circuitry to move the wiper 
through full-scale. 


This 
provides 
a 
cost 
effective 
method 
of 


implementing a nonvolatile latching function, using a 
low cost E2POT and a little bit of "glue" circuitry. 
The 


circuit can be especially attractive when an expensive 
micro-controller implementation cannot be justified. 


EVENT 
DETECT 1 


RESET 1 


Application Note 


Serialization 
using Small E2PROMs 


by Mark Rutledge, June 1992 


Introduction 
One of the most common applications for small serial 
E2PROMs 
is for the solid state storage of serial 


numbers 
in 
microcontroller/microprocessor 
based 


systems. 
These 
devices 
are 
ideal 
for 
such 


applications because they are easily programmable, 
very small in physical size, and are very low cost. 
Moreover, 
by 
taking 
advantage 
of 
the 
features 


offered by E2PROMs, many other types of logistical 
data can be stored that cannot be accomplished with 
other serialization methods such as labels, bar codes, 
imprints, etc. 
Xicor offers three products which are 


ideally suited for these applications, 
the X24COO, 
X24001, and X24C01. 


Whye 
2PROM? 
The advantages of E 


2PROM over other methods of 
serializing 
circuit 
boards 
or 
enclosed 
units 
are 


numerous. 
The assignment process is easier, there 


is more versatility 
offered by the retrieval process, 


and the entire system can be more secure. 


The serial number and other logistical information 
can be written to the E 


2PROM at any time in the 


manufacturing process. 
It can be written at any test 


step 
by 
Automatic 
Test 
Equipment 
or 
into 
the 


component prior to board insertion. 
In addition, the 


X24001 device can be programmed by Xicor prior to 
shipment. 


The use of solid state devices 
also expands the 


capabilities for data retrieval because the data does 
not have to be seen or scanned. 
Information can be 


read and recorded from test equipment (such as a 
bed-of-nails tester or a PC) in a factory environment. 
The integrity of the units need not be violated as the 
data can 
be extracted 
via 
the connector 
without 


having to open the unit. The unit need not be brought 
back to the factory or service location as the data can 
be retrieved over existing communication links such 
as a modem, RF link, or remote PC. 
None of these 


things can be accomplished with bar-codes, labels, or 
imprinting. 


A solid state method of storing logistical data is also 
more secure than other methods. 
Information cannot 
be stripped-off 
or altered without 
intelligence 
and 
insight into the inner workings of the system. 
In 
systems 
where 
a 
serialized 
unit 
is 
designed 
to 
interface with another unit, serial or 10 numbers can 
be made to 
match, 
before the 
unit will 
function 
properly. 
This could make the unit, such as a car 


radio, 
inoperable 
if 
stolen 
or 
used 
with 
system 
components that were improperly obtained. 


Standard Implementation 
The most common application 
is to simply store a 
serial number or a device 10 number where each unit 
must have a unique "address" or identifier, such as 
LAN applications. 
Devices such as the X24COOand 
X24001 are ideal for these applications due to their 
size and cost. 
Both devices are 128 bits in density, 


internally configured as 16x8. 


The 
X24001 
is 
especially 
well 
suited 
to 
this 


application 
because it provides an added security 


level for the data. The X24001 operates 
from 
a 
standard 5V supply and can be read at 5V like any 
other serial E 


2PROM. 
However, the data line must 


be raised to 12V to perform a write operation. 
This 


ensures that the E 


2PROM could not be modified in a 


5V-only system and could only be modified 
in a 


laboratory environment where 12V can be applied. 


Additional Capabilities 
Most serial numbers and 10 numbers take up only 5 
to 10 bytes of memory. 
The remaining memory in 


the serial device can be used for many additional 
things. A circuit board revision letter could be stored 
in one byte. 
A software version identifier could be 


stored in another one or two bytes. 
A data code for 
manufacturing date, final test date, ship date, etc. 
could be stored in four bytes. 
Memory can also be 


allocated for future 
usage, such as repair history, 


modification upgrade logs, and so on. 
Each of these 
entries can be defined such that only a few bytes are 
used. 
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For these applications, 
where the E 
2pROM 
device 
contains 
more than a serial number and revision 
letter, a device larger than the 16-byte X24COOor 
X24001 becomes necessary. 
Xicor offers a low cost 
serial E 


2pROM 
at the 1K-bit density, the X24C01 


which is internally configured as 128x8. 
If still more 
memory is required, 2K-bit, 4K-bit, 8K-bit, and 16K-bit 
devices are available with similar features. 


Reliability Enhancements 
The serial E 


2pROM can also be used to help monitor 
the reliability of the overall unit. 
Locations can be 


allocated 
as counter 
registers which are 
updated 
whenever 
a particular 
event 
occurs. 
These can 


include power cycles, whether a particular button was 
pushed or a specific mode entered, etc. 
Data from 
these 
locations 
may 
provide 
clues 
to 
a 


repair/maintenance 
center and provide 
information 


about what the common causes of system failures 
are or where the "weak links" are. 
In an age where 
quality is paramount, this type of data is extremely 
valuable. 


Memory Map 
Here 
is 
an 
memory 
map 
example 
for 
a 


X24COOIX24001-type device which is used to store 
standard logistical data: 


Data 


1O-digit serial number 
Hardware revision level 
Software revision level 
Manufacturing date - work week 
Manufacturing date - year 


OOH-09H 
OAH 
OBH 
OCH-ODH 
OEH-OFH 


Here is an memory map example for a X24C01-type 
device which is used for standard logistical data plus 
historical reliability monitoring data. 


60H-69H 


6AH 
6BH 
6CH 
70H-71H 
72H-73H 
74H 
75H-76H 
77H-7BH 


Data 


Modification/upgrade log (six bytes 
per entry) 
-one byte for type of modification 
-four bytes for date code 
-one byte for how implemented 
Repair/maintenance log (six bytes 
per entry) 
-four bytes for date code 
-one byte to identify performing entity 
-one byte for activity type 
Reliability monitoring information 
(one byte registers) 
10-digit serial number 
Hardware revision level 
Software revision level 
Test procedure revision 
Manufacturing date - work week 
Manufacturing date - year 
Manufacturing location 
Operator/line code 
Customer code 


Summary 
This applications note has shown the versatility that a 
serial E 


2pROM 
would 
provide 
for 
the storage 
of 


logistical information. 
These devices can be thought 


of as permanent routers for the circuit boards or units 
in which they are used. These serial E 
2pROMs also 
provide capabilities that cannot be provided as cost 
effectively when using other methods. 


iCD~ Application Note 


Improving 
Analog Signal Monitors with E2POTs 


by Mark Rutledge, July 1994 


Introduction 
This 
application 
note 
describes 
a 
unique 


implementation for the Xicor X9241 E2POT in a 
process control or process monitoring environment. 
This implementation is made possible by some of the 
features of X9241, many of which have not been 
available on E2POT devices prior to the introduction 
of the X9241. 


Implementation 
Imagine a process control system or any other 
system where an analog voltage from a transducer 
needs to 
be 
monitored. 
The 
ideal 
method 
of 


monitoring such signals is to have an "alarm" in place 
for when the 
signal drifts out of 
its acceptable 


operating range, and to have the absolute value of 
the 
signal 
accessible to 
the 
processor so that 


intelligent decisions can be made about how to 
address the new condition. There are several ways of 
accomplishing this task 
using A-to-D converters, 


resistor-divider networks, or similar techniques, but 
these solutions prove to be messy andlor costly. 


Imagine achieving the 
requirements of the ideal 


monitor with nothing more than a potentiometer and a 
comparator! The potentiometer is used to set a 
reference voltage which will become the trip point at 
which an "alarm" is generated (Figure 1). A simple 
comparator is used to compare the reference voltage 
to a transducer output voltage. 
The comparator 
output is then used to signal the processor by means 
of an interrupt. The missing element is the means to 
read the value of the transducer voltage. This can be 
done by implementing an A-to-D converter, but this 
adds 
cost 
and 
complexity. 
A 
variable 
voltage 


reference is still required, which the A-to-D converter 
cannot provide. By using the X9241 Quad E2POT as 
the precision reference voltage potentiometer, the 
transducer voltage can be determined without adding 
any other components! 


The key to this scheme is a feature of the X9241 that 
allows direct reading of the contents of the Wiper 
Counter 
Registers 
(WCRs). 
Each 
of 
the 
four 


potentiometers on the X9241 has a WCR which 
contains the numeric position of the corresponding 
wiper. The processor can read the digital contents of 
the WCR via a 2-wire serial communications bus and, 
if necessary, easily calculate the actual wiper voltage. 
By adjusting the X9241 and reading the 
1/0 
bit 


assigned 
to 
the 
comparator 
output 
(after 
first 


disabling the interrupt!), the E2POTs wiper voltage is 
matched to the transducer voltage, which can be 
determined by reading the contents of the WCR 
(Figure 2). The reference wiper setting (or the trip 
9 


point setting) is not lost since it had previously been 
stored in one of the E2POT's four nonvolatile data 
registers (RD-R3). The contents of the desired data 
register can be transferred into the WCR by giving 
the appropriate software command. The interrupt is 
then enabled to resume monitoring. 


System Calibration 
Calibration of the transducer and A-to-D conversion 
process can 
be easily achieved 
by storing the 


required constants in system memory and having the 
system processor perform the appropriate calculation. 
In this manner the total system is calibrated rather 
than calibrating the transducer and A-to-D converter 
individually. 


Reference Voltage Resolution 
The X9241 consists of four potentiometers with 63 
resistive elements each, giving each potentiometer 
64 steps or wiper positions. The resolution would thus 
be 1/63 or approximately 1.59%. The X9241 feature 
set 
includes 
a 
cascade 
mode 
where 
adjacent 


potentiometers can be connected in series, and the 
extra wipers disabled, resulting in potentiometers of 
127, 190, or 253 steps with internal wiper transitions, 
allowing resolution levels of 0.79%, 0.53%, or 0.40% 
respectively. If higher resolution is required, vernier 
cascading techniques can be used. For a method of 
increasing resolution, see Xicor application 
note 


AN43 
"Software 
Implements 
a 
High 
Resolution 


Nonvolatile Digital Potentiometer". 


Application Example 
Let's say that a liquid or chemical used in a process 
must be at least +65°C for the process to yield the 
desired results. The 
reference voltage is initially 


calibrated by adjusting the E2POT, so that its wiper 


voltage 
is the 
next increment below the 
actual 


voltage of the transducer at 
+65°C. The 
WCR 


contents are then stored into the desired E 


2 register, 


(RO-R3.)If the temperature of the liquid drops below 
+65°C, the comparator changes state and an interrupt 
is generated. The processor can then adjust the 
potentiometer until the comparator output changes 
state again, at which point the WCR contents can be 
read to find the new transducer voltage level. The 
processor can then make a decision about what has 
happened. If the temperature had drifted a couple of 
degrees below +65°C, then warming heaters can be 
switched on (or intensity increased) to return the 
liquid to +65°C. The process can then continue 
uninterrupted and the event can be logged into the 
system's E 


2PROM or NOVRAM memory for future 


analysis. 
However, if the voltage read indicates a 


temperature dramatically 
below +65°C, 
then the 


process can be shut down and the 
appropriate 
"alarm" activated. This monitor can easily be set-up 
to maintain an operating window, for example +65°C 
±1°C, by using dual comparators. 


Conclusion 
The advanced features of the X9241, especially the 
direct read capability of the WCRs, allow the user to 
simplify monitor controls by having a device that 
functions both as a variable reference voltage and an 
A-to-D converter. Additionally, the X9241 allows total 


system calibration since correction factors may be 
stored in system memory and combined with the 
contents of the WCR as required for calibration. The 
128-bits of nonvolatile memory in the data registers 
may be used for other purposes, if all four data 


registers are not required for 
use in transducer 


monitoring.The X9241 thus offers the user a simple, 
low cost, yet quite versatile solution for intelligent 
process monitoringand control. 


• 
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FEATURES 


• High Performance 
Advanced CMOS Technology 


• O°Cto 70°C Operating Temperature 
• 100 Year Data Retention 
• 95% Yield Excluding 
Assembly 
Related Losses 


• Commercial 
Data Sheet Parameters 


(except input levels) 


• Die Visually Inspected to MIL-STD-883, 


T/M 2010 Condition 
B 


• Optional 
Die Element Evaluation 
per 
MIL-STD-883,T/M 5008, Class B 


Xicor die products are fabricated with Xicor's Advanced 
CMOS Floating Gate technology. Like all Xicor pro- 
grammable nonvolatile memories, they are 5V only 
devices. 


Xicor die products are designed and tested for applica- 
tions requiring extended endurance. Data retention is 
specified to be greater than 100 years. 


Products to be shipped in die form follow the flow shown 
below. This insures a 95% yield (excluding assembly 
related losses) to the commercial data sheet. The slow- 
est datasheet access time is guaranteed. All A.C. pa- 
rameters and D.C. parameters except input and output 
voltages are guaranteed. 


For military applications, Xicor now offers die with ele- 
ment evaluation testing per MIL-STD-883. A description 
of the element evaluation testing can be found on the 
following page. 


Bonding diagrams, die size/thickness and other infor- 
mation required for use of die can be obtained from your 
local Xicor sales representative. 


f 


WAFERS FROM 
OPTICAL 
FABRICATION 
INSPECTION 


l 
l 


SORT TO 


STANDARD 
WAFFLE PACK 
SORT PROGRAM 


1 
1 


RETENTION 
FINISHED DIE 
BAKE 
INVENTORY 


l 
l 


SORT TO 
CUSTOMER 
SEES 
SUPER SORT 
95% YIELD" AFTER 
PROGRAM 
ASSEMBLY 


1 
'EXCLUDING 
ASSEMBLY 


RELATED lOSSES 
SAW & PLATE 
DIE 


I 
II 


Test samples 
shall be taken from the same wafer lot as the production 
die, assembled 
and tested to the die element 


evaluation 
as specified 
in paragraph 
3.2 of Test Method 
5008, 
MIL-STD-883, 
Class B. 


Subgroup 
Test 
Test Method 
Quantity (Accept No.) 


1 
Internal 
Visual 
2010, Condition 
B 
10 (0) 


2 
Final Electricals(1) 
Per Applicable 
Device 
Specification 
10 (1) 


3 
Wire Bond Evaluation 
2011, Condition 
C or D 
10 (0) wires or 20 (1) wires 


H = Die in waffle 
pack 
W = Die in wafer form 
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NOVRAM®Data Sheets • 


Serial Products Data Sheets • 


Byte-wide E2pROMData Sheets -- 


E2POT'MData Sheets 
• 


Microcontroller 
Peripheral Products 


Memory Modules 
• 


Stand Alone Products 
-- 


Development System Data Sheets • 


Application 
Notes 
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I General Information 


Xicor Military Program Overview 


INTRODUCTION 


Xicor, Inc. is committed to supplying products that meet 
the demands of the Military and High Reliability market- 
place. Xicor's high performance Textured Poly Floating 
Gate (TPFG) and Direct Write™ cell offer an intrinisic 
reliability, when combined with the screening require- 
ments of MIL-STD-883 produces anextremely enhanced 
product. 


The Xicor Quality Assurance Program has been de- 
signed to be carried out by all employees in order to 
maintain the highest standards in producing these prod- 
ucts. The backbone of the system is a self-auditing SPC 
program that has been implemented throughout the 
company. This program influences product definition, 
product design, testability criteria, fabrication process, 
and final test philosophies. 


Every Xicor product isdesigned to meetor exceed 100% 
functionality over the full military temperature range. 
This attention to detail in design has lead to the manu- 
facture of the only floating gate 5V, byte alterable 
memories qualified for use by the oil industry in down 
hole drilling operations at 170°C for both read and write 
operations. In addition, Xicor's continued exploitation of 
its proprietary TPFG technology has allowed it to main- 
tain a generation lead in die size for all product densities. 


MIL-STD-883 and SMD Products 


Xicor offers two different military category products. 
Most Xicor products are available with processing 100% 
compliant to paragraph 1.2.1 of MIL-STD-883. Sec- 
ondly, a large number of products are available to the 
SMD (Standardized Military Drawing) program adminis- 
tered by DESC. These products are not only fully com- 
pliant with MIL-STD-883 but they are also screened to 
the electrical requirements set forth in the individual 
SMDs. 


ADDITIONAL DATA AND SERVICES 


Source Control Drawings 


Customers may provide source control drawings for 
Xicor review and quotation. To reduce overall product 


cost to the customer and to assure full compliance with 
the requirements of MIL-STD-883, Xicor will, on occa- 
sion, respond with waiver requests. Xicor must review 
and accept a customer source control drawing prior to 
acceptance of an order. Orders to SCDs must be placed 
directly with the factory to assure compliance. A cus- 
tomer may, however, purchase standard Xicor product 
with REFERENCE ONLY to the SCD either directly from 
the factory or through one of Xicor's franchised distribu- 
tor locations. 


Quality Conformance Inspection Data 


QCI Groups A and B are performed on each lot of 
devices as standard procedure for all MIL-STD-883 
products. This data is available to the customer and 
should be requested at the time of quotation to insure its 
shipment with the product. 


Generic QCI data for Groups C and 0 which qualify 
the product being shipped is also available. 


Attributes data (copies of the the lot travelers) are also 
availableforcustomer purchase.This requirement should 
be so noted prior order placement. 


Customer Source Inspection 


Customer Source inspection may be performed at final 
ship point at Xicor. This requirement must be specified 
and quoted prior to or placement. The standard source 
inspection is comprised of the following: 


• Group Atesting: Sample size based onTable IMethod 
5005 MIL-STD-883 and LTPD values in Table 0-1 
Appendix 0 of MIL-I-38535. 


• Documentation review of all travelers, drawings and 
purchase orders. 


The following sections contain: detailed screening and 
test methods performed for all MIL-STD-883 compliant 
products; reference tables listing compliant Xicor prod- 
ucts, a SMD to Xicor part number cross reference table, III 
a description of Xicor's Military Die Program and a white 
paper discussing the decassification procedures for 
Xicor's E2pROMs. 


Screen 
Test Method 
Application 


Internal Visual 
2010, Condition B 
100% 
Temperature Cycling 
1010, Condition C 
100% 
Constant Acceleration (Centrifuge) 
2001, Condition E, V-Axis 
100% 
Seal: 
I Fine 
1014, Condition A or B 
100% 


I Gross 
1014, Condition C 
100% 
External Visual 
2009 
100% 


Pre Burn-In Electricals 
As Applicable 
100% 
Burn-In 
1015, Condition D, Class B 
100% 
Post Burn-In and Final Electricals(1) 
Per Device Data Sheet 


Static Tests 
Subgroups 1, 2, 3 
100% 


Functional Tests 
Subgroups 7, 8A, 8B 
100% 
Switching Tests 
Subgroups 9, 10, 11 
100% 


Dynamic Tests 
Subgroup 4 (Method 3012) 
Periodically Tested 
Solder Dip Lead Finish (As Applicable) 
MIL-I-38535, Paragraph 30.5.6.3.4 
100% 
Seal:(2) 
I Fine 
1014, Condition A or B 
Sample 


I Gross 
1014, Condition C 
Sample 


External Visual 
2009 
100% 
Quality Conformance Inspection (3) 
5005, Class B 
Sample 


Notes: 
(1) 
Percent defective allowable (PDA) is 5% (Subgroups 
1 and 7) for each lot. 


(2) 
Sample tested in accordance with Method 5004. 
(3) 
Sample tested in accordance with Class B requirements 
for Groups A, B, C and D. 


QUALITY 
CONFORMANCE 
INSPECTIONS, 
METHOD 
5005 


The following Tables illustrate the Groups A, B, C and D Tests, Test Methods, Conditions and frequency of testing 
for all qualified products. 


Test 
Subgroup 
LTPO* 


Static Tests at +25° 
1 
116/0 
Static Tests at +125°C 
2 
116/0 
Static Tests at -55°C 
3 
116/0 
Functional Tests at +25°C 
7 
116/0 
Functional Tests at +125°C 
8A 
116/0 
Functional Tests at -55°C 
8B 
116/0 
Switching Tests at +25°C 
9 
116/0 
Switching Tests at +125°C 
10 
116/0 
Switching Tests at -55°C 
11 
116/0 


Test 
Test Method 
Conditions 
LTPO* 


Subgroup 2 


Resistance to Solvents 
2015 
Top and Bottom Mark 
3/0 


Subgroup 3 


Solderability 
2003 
Solder Temperature: +245°C ±5°C 
22/0 


SUbgroup 5 


Bond Strength 
2011 
Condition D 
15/0 


Test 
Test Method 
Conditions 
LTPO* 


Subgroup 1 
45/0 


Steady State Lifetest 
1005 
Condition D 


Endpoint Electricals 
SUbgroups 1, 2, 3, 7, 8, 9, 10, 11 
Per Applicable Device Specification 
III 


Test 
Test Method 
Conditions 
LTPO* 


Subgroup 
1 
15/0 
Physical 
Dimensions 
2016 
Per MIL-M-38510, 
Appendix 
C 


SUbgroup 
2 
45/0 
Lead Integrity 
2004 
Condition 
B2, Lead Fatigue 
Seal: 
Fine 
1014 
Condition 
A or B 
Gross 
1014 
Condition 
C 


Subgroup 
3 
15/0 
Thermal 
Shock 
1011 
Condition 
B, 15 Cycles 
Temperature 
Cycling 
1010 
Condition 
C, 100 Cycles 
Moisture 
Resistance 
1004 
10 Cycles 
Endpoint 
Electricals 
5005 
Subgroups 
1, 2, 3, 7, 8, 9, 10, 11 
Seal: 
Fine 
1014 
Condition 
A or B 
Gross 
1014 
Condition 
C 
Visual 
Examination 
1010 and 1004 


Subgroup 
4 
15/0 
Mechanical 
Shock 
2002 
Condition 
B, 1.5 kg at 0.5 ms 
Variable 
Frequency 
Vibration 
2007 
Condition 
A, 4 Cycles 
X, Y, & Z 
Constant 
Acceleration 
2001 
Condition 
E, 30 kg, Y1 
Seal: 
Fine 
1014 
Condition 
A or B 
Gross 
1014 
Condition 
C 
Visual 
Examination 
1010 
Endpoint 
Electricals 
Subgroups 
1, 2, 3, 7, 8, 9, 10, 11 
Per Applicable 
Device 
Specification 


Subgroup 
5 
15/0 
Salt Atmosphere 
1009 
Condition 
A, 24 Hours 
Seal: 
Fine 
1014 
Condition 
A or B 
Gross 
1014 
Condition 
C 
Visual 
Examination 
1009 


Subgroup 
6 
3/0 
Internal 
Water 
Vapor 
Content 
1018 
5000 ppm at 100°C 


SUbgroup 
7 
15/0 
Adhesion 
of Lead Finish 
2025 
(LTPD Applies 
to Leads) 


Subgroup 
8 
5/0 
Lid Torque 
2024 
Glass 
Frit Seal Packages 
Only 
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TOPSIDE MARK 


The topside 
mark of each MIL-STD-883 
compliant 
device 
provides 
complete 
wafer 
lot, assembly 
and inspection 
lot 
traceability. 
This marking 
appears 
as an alphanumeric 
code as shown 
below: 


FF YVWWA12345ABC 


L Inspection Lot Identification Code 
YYWW = Seal Date Code 
A 12345ABC 
= 
Inspection 
Lot # 


Traceability: 
Assembly 
Plant 
Wafer 
Lot 
Assembly 
Lot 


In addition, 
the following 
items will appear 
as part of the topside 
marking: 
Xicor 
Logo 


Xicor CAGE 
Code Number: 
60395 


MIL-STD-883 
Compliance 
Indicator: 
C 


ESD Identifier: v 


r 


~ 
Assembly Type 
B = 883 Compliant 


I 
'COUNTRY' WW ~ FF 
23 C (A) A12345A 


Die Code 
1IL 


Die Sub Rev. 


Assembly -------- 
Location 
Die Fabrication 
Date Code 


III 
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Package 
Style and 
Lead/Pin/PAD 
Count 
~ 
() 
0.. 
« 
C 
0.. 


Xicor 
Part 
I- 
Page 
a: 
() 
« 
« 
Number 
Organization 
Speeds' 
w 
() 
...J 
C) 
SMD Number 
Number 
() 
...J 
LL 
0.. 


NOVRAMs 


X22C10 
64x4 
120ns 
18 
1-1 


X22C12 
256 x 4 
120ns 
18 
1-11 


X20C04 
512 x 8 
200ns 
28 
32 
1-21 


X20C05 
512 x 8 
35ns 
28 
32 
1-33 


X20C16 
2Kx8 
35ns 
28 
32 
1-47 


Serial 
NOVRAMs 


X24C44 
16x16 
0-1 MHz 
8 
2-1 


X24C45 
16x16 
0-1MHz 
8 
2-13 


Serial 
E2PROMs 


X24C04 
512x8 
0-100KHz 
8 
5962-89590 
'9208 


X24C16 
2Kx 
8 
0-100KHz 
8 
5962-89667 
'9208 


E2POT Digitally 
Controlled 
Potentiometer 


X9241 
2/10/10/501«2 
100KHz 
20 
5962-95525 
4-69 


X9C102 
1KO 
250KHz 
8 
4-1 


X9C103 
10KO 
250KHz 
8 
4-1 


X9C104 
100KO 
250KHz 
8 
4-1 


X9C503 
50KO 
250KHz 
8 
4-1 


5 Volt, Byte Alterable 
E2PROMs 


X28C64 
8K x 8 
150-250ns 
28 
32 
28 
28 
5962-87514 
3-25 


X28HC64 
8Kx 
8 
55-120ns 
28 
32 
28 
28 
3-41 


X28C256 
32K x 8 
150-300ns 
28 
32 
28 
28 
5962-88525 
3-57 


X28HC256 
32K x 8 
70-120ns 
28 
32 
28 
28 
5962-88634 
3-73 


X28C512 
64K x 8 
120-250ns 
32 
32 
32 
36 
5962-90869 
3-105 


X28C513 
64K x 8 
120-250ns 
32 
5962-90869 
3-105 


X28C010 
128K x 8 
120-250ns 
32 
32 
32 
36 
5962-38267 
3-147 


Microcontroller 
Peripheral 
Memory 


X88C64 
8Kx 
8 
120ns 
24 
32 
5-51 


X68C64 
8Kx8 
120ns 
24 
32 
5-1 


Standardized Military Drawing (SMD) 
Numeric Cross Reference Guide 


SMD 
MIL-STD-883 
Package 
Page 
Product 
Number 
Part Number 
Style 
Number 
D ascription 


5962-3826701 
MUX1 
X28C010EMB-25 
32 
LCC 
3-147 


5962-3826701 
MXX 
X28C010DMB-25 
32 
CERDIP 
3-147 


5962-3826701 
MZX 
X28C010FMB-25 
32 
FLATPACK 
3-147 


5962-3826703 
MUX 
X28C010EMB-20 
32 
LCC 
3-147 


5962-3826703 
MXX 
X28C010DMB-20 
32 
CERDIP 
3-147 
128K x 8 


5962-3826703 
MZX 
X28C010FMB-20 
32 
FLATPACK 
3-147 
5V 
Byte 


5962-3826705 
MUX 
X28C010EMB-15 
32 
LCC 
3-147 
~Iterable 


5962-3826705 
MXX 
X28C010DMB-15 
32 
CERDIP 
3-147 
E2PROM 


5962-3826705 
MZX 
X28C010FMB-15 
32 
FLATPACK 
3-147 


5962-3826707 
MUX 
X28C010EMB-12 
32 
LCC 
3-147 


5962-3826707 
MXX 
X28C010DMB-12 
32 
CERDIP 
3-147 


5962-3826707 
MZX 
X28C010FMB-12 
32 
FLATPACK 
3-147 


5962-8751403 
XX 
X28C64DMB-25 
28 CERDIP 
3-25 
:11 


5962-8751403 
YX 
X28C64EMB-25 
32 LCC 
3-25 


5962-8751403 
ZX 
X28C64FMB-25 
28 FLATPACK 
3-25 


• 


8Kx8 


5962-8751404 
XX 
X28C64DMB-20 
28 CERDIP 
3-25 
5V 


5962-8751404 
YX 
X28C64EMB-20 
32 LCC 
3-25 
Byte 


5962-8751404 
ZX 
X28C64FMB-20 
28 FLATPACK 
3-25 
~Iterable 
E2PROM 


5962-8751405 
XX2 
X28C64DMB-25 
28 CERDIP 
3-25 


5962-8751405 
YX2 
X28C64EMB-25 
32 LCC 
3-25 


5962-8751405 
ZX2 
X28C64FMB-25 
28 FLATPACK 
3-25 


1. 
UX = 32 PAD LCC for the 1Mbit Device 


2. 
These devices are screeened for 100,000 write cycle endurance 


M = MIL-STD-883 
PX = CERDIP (8 Lead) 
UX= PGA 
VX = CERDIP (18 Lead) 


XX=CERDIP 
YX= LCC 
ZX = FLATPACK 
III 


SMD 
MIL-STD-883 
Package 
Page 
Product 
Number 
Part Number 
Style 
Number 
Description 


5962-8852502 
UX 
X28C256KMB 
28 PGA 
3-57 


5962-8852502 
XX 
X28C256DMB 
28 CERDIP 
3-57 


5962-8852502 
YX 
X28C256EMB 
32 LCC 
3-57 


5962-8852502 
ZX 
X28C256FMB 
28 FLATPACK 
3-57 


5962-8852503 
UX 
X28C256KMB-25 
28 PGA 
3-57 


5962-8852503 
XX 
X28C256DMB-25 
28 CERDIP 
3-57 


5962-8852503 
YX 
X28C256EMB-25 
32 LCC 
3-57 


5962-8852503 
ZX 
X28C256FMB-25 
28 FLATPACK 
3-57 


5962-8852504 
UX 
X28C256KMB-20 
28 PGA 
3-57 


5962-8852504 
XX 
X28C256DMB-20 
28 CERDIP 
3-57 


5962-8852504 
YX 
X28C256EMB-20 
32 LCC 
3-57 


5962-8852504 
ZX 
X28C256FMB-20 
28 FLATPACK 
3-57 


5962-8852505 
UX3 
X28C256KMB-25 
28 PGA 
3-57 


5962-8852505 
XX3 
X28C256DMB-25 
28 CERDIP 
3-57 


5962-8852505 
YX3 
X28C256EMB-25 
32 LCC 
3-57 


5962-8852505 
ZX3 
X28C256FMB-25 
28 FLATPACK 
3-57 


5962-8852506 
UX 
X28C256KMB-15 
28 PGA 
3-57 


5962-8852506 
XX 
X28C256DMB-15 
28 CERDIP 
3-57 


5962-8852506 
YX 
X28C256EMB-15 
32 LCC 
3-57 
32K x 8 


5962-8852506 
ZX 
X28C256FMB-15 
28 FLATPACK 
3-57 
5V 
Byte 


5962-8852508 
UX3 
X28C256KMB-15 
28 PGA 
3-57 
Alterable 


5962-8852508 
XX3 
X28C256DMB-15 
28 CERDIP 
3-57 
E2PROM 


5962-8852508 
YX3 
X28C256EMB-15 
32 LCC 
3-57 


5962-8852508 
ZX3 
X28C256FMB-15 
28 FLATPACK 
3-57 


5962-8852510 
UX 
X28C256KMB 
28 PGA 
3-57 


5962-8852510 
XX 
X28C256DMB 
28 CERDIP 
3-57 


5962-8852510 
YX 
X28C256EMB 
32 LCC 
3-57 


5962-8852510 
ZX 
X28C256FMB 
28 FLATPACK 
3-57 


5962-8852511 
UX 
X28C256KMB-25 
28 PGA 
3-57 


5962-8852511 
XX 
X28C256DMB-25 
28 CERDIP 
3-57 


5962-8852511 
YX 
X28C256EMB-25 
32 LCC 
3-57 


5962-8852511 
ZX 
X28C256FMB-25 
28 FLATPACK 
3-57 


5962-8852512 
UX 
X28C256KMB-20 
28 PGA 
3-57 


5962-8852512 
XX 
X28C256DMB-20 
28 CERDIP 
3-57 


5962-8852512 
YX 
X28C256EMB-20 
32 LCC 
3-57 


5962-8852512 
ZX 
X28C256FMB-20 
28 FLATPACK 
3-57 


5962-8852513 
UX3 
X28C256KMB-25 
28 PGA 
3-57 


5962-8852513 
XX3 
X28C256DMB-25 
28 CERDIP 
3-57 


5962-8852513 
YX3 
X28C256EMB-25 
32 LCC 
3-57 


5962-8852513 
ZX3 
X28C256FMB-25 
28 FLATPACK 
3-57 
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SMD 
MIL-STD-883 
Package 
Page 
'roduct 
Number 
Part Number 
Style 
Number 
D !scription 


5962-8852514 
UX 
X28C256KMB-15 
28 PGA 
3-57 


5962-8852514 
XX 
X28C256DMB-15 
28 CERDIP 
3-57 


5962-8852514 
YX 
X28C256EMB-15 
32 LCC 
3-57 
32K x 8 


5962-8852514 
ZX 
X28C256FMB-15 
28 FLATPACK 
3-57 
5V 


5962-8852516 
UX3 
Byte 
X28C256KMB-15 
28 PGA 
3-57 
Illterable 


5962-8852516 
XX3 
X28C256DMB-15 
28 CERDIP 
3-57 
:2pROM 


5962-8852516 
YX3 
X28C256EMB-15 
32 LCC 
3-57 


5962-8852516 
ZX3 
X28C256FMB-15 
28 FLATPACK 
3-57 


5962-8863401 
UX 
X28HC256KMB-12 
28 PGA 
3-73 


5962-8863401 
XX 
X28HC256DMB-12 
28 CERDIP 
3-73 


5962-8863401 
YX 
X28HC256EMB-12 
32 LCC 
3-73 


5962-8863401 
ZX 
X28HC256FMB-12 
28 FLATPACK 
3-73 


5962-8863403 
UX 
X28HC256KMB-90 
28 PGA 
3-73 
32K x 8 


5962-8863403 
XX 
X28HC256DMB-90 
28 CERDIP 
3-73 
5V 


5962-8863403 
YX 
X28HC256EMB-90 
32 LCC 
3-73 
Byte 


5962-8863403 
ZX 
X28HC256FMB-90 
28 FLATPACK 
3-73 
fIlterable 
:2pROM 


5962-8863405 
UX 
X28HC256KMB-70 
28 PGA 
3-73 


5962-8863405 
XX 
X28HC256DMB-70 
28 CERDIP 
3-73 


5962-8863405 
YX 
X28HC256EMB-70 
32 LCC 
3-73 


5962-8863405 
ZX 
X28HC256FMB-70 
28 FLATPACK 
3-73 


5962-8959001 
PX 
X24C04DMB 
8 CERDIP 
'92DB 
512 x 8 


- 
Seri il E2PROM 


5962-8966701 
PX 
X24C16DMB 
8 CERDIP 
'92DB 
2Kx8 
Seri II E2PROM 


M = MIL-STD-883 
PX = CERDIP (8 Lead) 
UX = PGA 
VX = CERDIP (18 Lead) 


XX =CERDIP 
YX =LCC 
ZX =FLATPACK 
III 


SMD 
MIL-STD-883 
Package 
Page 
Product 
Number 
Part Number 
Style 
Number 
Description 


5962-9086901 
MUX 
X28C512KMB-25 
36 PGA 
3-105 
5962-9086901 
MXX 
X28C512OMB-25 
32 CEROIP 
3-105 
5962-9086901 
MYX 
X28C512EMB-25 
32 LCC 
3-105 
5962-9086901 
MZX 
X28C512FMB-25 
32 FLATPACK 
3-105 


5962-9086902 
MUX4 
X28C512KMB-25 
36 PGA 
3·105 
5962-9086902 
MXX4 
X28C512OMB-25 
32 CEROIP 
3-105 
5962-9086902 
MYX4 
X28C512EMB-25 
32 LCC 
3-105 
5962-9086902 
MZX4 
X28C512FMB-25 
32 FLATPACK 
3-105 


5962-9086903 
MUX 
X28C512KMB-20 
36 PGA 
3-105 
5962-9086903 
MXX 
X28C512OMB-20 
32 CEROIP 
3-105 
5962-9086903 
MYX 
X28C512EMB-20 
32 LCC 
3-105 
5962-9086903 
MZX 
X28C512FMB-20 
32 FLATPACK 
3-105 


5962-9086904 
MUX4 
X28C512KMB-20 
36 PGA 
3-105 
5962·9086904 
MXX4 
X28C512OMB-20 
32 CEROIP 
3-105 
5962-9086904 
MYX4 
X28C512EMB-20 
32 LCC 
3·105 
5962-9086904 
MZX4 
X28C512FMB-20 
32 FLATPACK 
3-105 


5962-9086905 
MUX 
X28C512KMB-15 
36 PGA 
3-105 
64Kx8 
5962-9086905 
MXX 
X28C512OMB-15 
32 CEROIP 
3-105 
5V Byte 
5962-9086905 
MYX 
X28C512EMB-15 
32 LCC 
3-105 
Alterable 
5962-9086905 
MZX 
X28C512FMB-15 
32 FLATPACK 
3-105 
e2pROM 


5962-9086906 
MUX4 
X28C512KMB-15 
36 PGA 
3·105 
5962-9086906 
MXX4 
X28C512OMB-15 
32 CEROIP 
3-105 
5962·9086906 
MYX4 
X28C512EMB-15 
32 LCC 
3-105 
5962-9086906 
MZX4 
X28C512FMB-15 
32 FLATPACK 
3-105 


5962-9086907 
MUX 
X28C512KMB-12 
36 PGA 
3-105 
5962-9086907 
MXX 
X28C512OMB·12 
32 CEROIP 
3-105 
5962-9086907 
MYX 
X28C512EMB-12 
32 LCC 
3-105 
5962-9086907 
MZX 
X28C512FMB-12 
32 FLATPACK 
3-105 


5962-9086908 
MUX4 
X28C512KMB-12 
36 PGA 
3-105 
5962·9086908 
MXX4 
X28C512OMB-12 
32 CEROIP 
3-105 
5962-9086908 
MYX4 
X28C512EMB-12 
32 LCC 
3-105 
5962-9086908 
MZX4 
X28C512FMB-12 
32 FLATPACK 
3-105 


5962-9086909 
MYX 
X28C513EMB-25 
32 LCC 
3-105 
5962-9086910 
MYX4 
X28C513EMB-25 
32 LCC 
3-105 
5962-9086911 
MYX 
X28C513EMB-20 
32 LCC 
3-105 
5962-9086912 
MYX4 
X28C513EMB-20 
32 LCC 
3-105 


5962-9086913 
MYX 
X28C513EMB-15 
32 LCC 
3-105 
5962-9086914 
MYX4 
X28C513EMB·15 
32 LCC 
3-105 
5962-9086915 
MYX 
X28C513EMB-12 
32 LCC 
3-105 
5962-9086916 
MYX4 
X28C513EMB-12 
32 LCC 
3-105 


5962-9552504MRX 
X9241MOMB 
20 CEROIP 
Quad 
E2POT 
2/1 0/1 0/50Kn 
5962-9552503MRX 
X9241UOMB 
20 CEROIP 
Quad 
E2POT 
50/50/50/50Kil 
5962·9552502MRX 
X9241 WOMB 
20 CEROIP 
Quad 
E2POT 
10/10/10/10Kil 
5962-9552501 
MRX 
X9241YOMB 
20 CEROIP 
Quad 
E2POT 
2/2/2/2Kn 


Declassification 
Procedures 
For Xicor 5V Only E2PROMs 


With their introduction into the market place, 5V only 
E2PROMs were quickly designed into many military 
electronics systems. They provided a mechanism for 
easily updating data bases and software programs 
without the requisite board removal and component 
changes associated with other nonvolatile semiconduc- 
tor memories. Because the E2PROMs might contain 
classified data, many OEMs were required to provide a 
means of erasure. 


This paper will review the basics of the technology, two 
techniques employed for chip declassification and a 
complete description of Xicor's declassification experi- 
ments and results will be reviewed. 


DEVICE OPERATION 


Xicor E2PROMs employ Fowler-Nordheim tunneling to 
transfer charge onto or off of a floating gate. The 
voltages required to transfer charge are generated on- 
board the device. 


Figure 1 is a cut away view of the cell structure. Poly 1 
acts as both the cell ground isolation transistor and 
programming cathode; Poly 2 is the floating gate; and 
Poly 3 acts as both the select word line transistor and 
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erase tunnel anode. Poly 2 is totally su 'rounded by an 
oxide electrically isolating it from all oth Jrdevice struc- 
tures. Its channel region acts as both t Ie floating gate 
charge-conditional current path for read ngand the data 
conditional current path for writing. 


A schematic representation is illustrat ld in Figure 2. 
Because the construction of the cell i corporates the 
poly 1to 2 programming and poly 2 to 3 lrase tunneling 
elements in a single structure, data sto age is a direct, 
single pass operation, involving the folio vingsequence. 
First the poly 1 line, common to the mtire array, is 
brought low, cutting off the conduction 
lothfrom bit line 


through the cell to array ground. Next, th 
bit linesareset 


up to either OV for an erase operation 
. about 16V for 


a program operation. The poly 3 word Ii e is ramped up 
to about 22V in 1ms to drive the no 
{olatile charge 
transport. To erase, the bit line is groun 
~d,whereupon 
the channel voltage under poly 2 capaci 'vely steers the 
floating gate towards ground. This in uces sufficient 
voltage across the poly 3/2 tunneling ele nentto remove 
electrons from the floating gate. When t ~bit line is high 
for programming, the channel potential 
teers the float- 


ing gate positively. This induces sufficien voltage across 
the poly 2/1 tunneling element to inject electrons onto 
the floating gate. 


III 


During tunneling, charge will be trapped in the interpoly 
oxides. This trap-up is caused by the accumulation of 
trapped negative charge in the dielectric due to the 
repeated passage of current. These charges create a 
potential which is additive and opposite to that of the 
floating gate. 


The basic cell operation and description of charge trap 
in the dielectric is fundamental background for under- 
standing the experiments described in later sections. 
For detailed descriptions of device operation and endur- 
ance in floating gate memories refer to Xicor's 1988 
Data Book. 


First Generation Chip Clear Techniques 


E2pROMs require a relatively long period of time to 
program/erase data on the floating gate. The maximum 
time generally specified for the first generation devices 
(X2816A) was 10ms per byte. In a manufacturing/test 
environment each byte must be programmed and veri- 
fied with multiple patterns at all Vcc limits and tempera- 
ture limits. With the X2816A, a 2K x 8 device, one rewrite 
of the entire array would take approximately 20 sec- 
onds. When multiplied times all the test variables, the 
test time would begin to take minutes per device. 


In order to reduce test times most manufacturers incor- 
porated test modes whereby the entire array could be 
erased (changed to all 1s) or programmed (changed to 
all Os)in a single 10ms cycle. 


This operation for Xicor devices is performed by raising 
the OE input to VOE(a voltage higher than Vccl, setting 
the I/Osto a specified TTL level and strobing the WE and 
CE inputs LOW. This whole operation is similar to a 
standard write operation with the exception of VOE' 


Itshould be noted that VOEis notcoupled intothe device. 
The high voltage on OE is detected by the input circuitry 
and conditions the internal logic for a chip mode opera- 
tion (sometimes referred to as block mode or mass 
mode). The high voltage required for tunneling is gener- 
ated by the device's on-board charge pumps. 


The timing diagrams and input level requirements were 
shared with the OEMs requiring these functions. The 
chip erase (not chip program) function was subse- 
quently specified on various Standardized Military Draw- 
ings and slash sheets; thereby, becoming de facto 
standard features. 


Second Generation Chip Clear Techniques 


The X28256 was the firstdevice to employ software data 
protection. This feature was developed to eliminate the 
mostcommon design problem encountered with 5V only 
nonvolatile memories, inadvertent writes during power- 
up/-down cycling. During power transitions, positive 
control of E2pROM inputs cannot always be guaranteed 
before system stabilization. This can lead to inadvert- 
ently generating write conditions to the E2pROMs, re- 
sulting in corrupted data. 


Based on Xicor's experience in resolving these system 
design issues, the company implemented software data 
protection. When employed by the end user, the device 
will ignore all attempts to write unless a specific three 
.byte command sequence is issued (refer to Xicor Data 
Book). 


Expanding on the three byte command sequence, Xicor 
implemented 5V only chip erase and chip program 
algorithms that may be employed to completely erase or 
program the device in a single 10ms operation. This is 
illustrated in Figure 3. 


Figure 3. 5V Only Chip Erase and Chip Program 
Algorithm 


Classified Erase Experiment 


Recently a number of our customers have requested 
data regarding the effectiveness ofthe chiperase modes. 
Their 
contractual 
requirements 
have 
specified 


declassification procedures that do not specifically en- 
compass E2pROMs. The declassification procedures 
default to those reserved for ferrite core memories. This 
requires a minimum 100 erase/program cycles for se- 
cret and below data and a minimum 1000 erase/pro- 
gram cycles for top secret data. 


In certain applications where data has to be declassified 
on a daily basis or end of work shift basis, the specified 
procedures would predominate over actual useful data 
writes as the end of life endurance mechanism. 


Intuitively we understood the requirements to be far in 
excess of actual need. From daily test operation it was 
evident that after a chip erase or program operation the 
contents would be read back as all 1s or all Os under 
normal operating conditons. 


In order to prove no "residual" data could be read out 
under any conditions, Xicor proceeded with a .study: 
first, to determine ifthere was a method of data recovery; 
secondly, if there was recoverable data, what was the 
optimum method of declassification. 


Background 


The tests performed for this report were done with the 
full knowledge of the device's internal and external 
operating characteristics, including all the device's pro- 
prietary test modes. Once the device is fully erased or 
programmed in a single pass there is no known method 
of scanning the die in a non-intrusive manner to detect 
latent or residual data patterns. Therefore a method had 
to be found which would make a read operation most 
sensitive to floating gate charge or other residual charge 
which might be a result of previously stored data. 


Reading Data 


A highly sensitive method of reading needed to befound 
to insure the results of the experiment were valid. The 
X28C256 has a proprietary test mode which allows 
measurement of individual cell currents. During the 
experiments, 
cell 
currents 
were 
recorded 
after 


declassification and downloaded to a computer. The 
data were passed through a software filter that emulated 
a self centering sense amplifier, approximately three 
times more sensitive than the on-chip sense amplifier. 


Figure of Merit 


A figure of merit rating was employed to determine the 
effectiveness of declassification tests. The figure of 
merit was derived by exclusive or'ing the erased pattern 
with the original pattern and summing the result overthe 
array. This number isthen divided by the total numberof 
bits to give a figure of merit. A figure of 0.5 would mean 
the data has been totally scrambled, while less than 0.5 
would mean the complement data is appearing, and for 
more than 0.5 would mean the original data is appear- 
ing. For example 0.8 means that 20% of the bits are 
randomly different from the origin'al pattern. Therefore, 
a figure of merit of 0.5 would be the ideal result. 


Moving Address Pattern 


A moving address pattern was employed to eliminate 
any potential misinterpretation of data due to the physi- 
cal proximity of cells to ground planes or voltage lines. 


The Experiments 


It was well known that under normal device operation, 
randomly changing the data pattern on a regular basis 
or infrequently performing software updates, a single 
chip erase operation would be sufficient to insure no 
data could be recovered. Therefore, based on knowl- 
edge of the device a worst case experiment was devel- 
oped. Worst case would be iteratively writing the same 
data pattern to the device, maximizing traps in the 
interpoly oxides. It was known that latent charge (or 
lack of charge) on the floating gate after erasure would 
not be detectable, but the traps might modify the local 
electric fields enough to be detectable under laboratory 
conditions. 


Experiment #1. Gathering A Baseline 


The tests were originally performed on units provided 
from production after basic go/no-go tests without full 
screening. The test consisted of writing the moving 
address pattern to the device 4,000 times without any 
intervening pattern being written. After a single pass 
chip erase (all 1's) and chip program (all O's) in the 5V 
only mode, the pattern was not detectable when reading 
under normal operating conditions. However, by em- 
ploying the proprietary test mode under an extreme 
voltage condition on Vcc and using the computer analy- 
•••• 
sis tool a latent pattern could be detected with a figure of 
•••• 
merit of 0.79. This was not a read of the floating gate 
charge, but a detection of the traps caused by the 
iterative writing of the same pattern. 


Experiment 
#2. Impact Of Standard Screening 


The experiment was then continued to determine the 
effect of standard production precycling. This precycling 
is normally performed to screen infant mortality failures 
prior to shipment. The screen is repetitive erase/pro- 
gram cycles which would cause trap-up. Trapping is 
logarithmic; therefore, after precycling any additional 
writing would not add many traps, reducing the likeli- 
hood of data recovery. 


After precycling, the devices were cycled 4,000 times 
with the moving address pattern. This was followed by 
five 5V only erase/program cycles, yielding a read back 
figure of merit of 0.53 under the special test conditions. 


Experiment 
#3. Impact Of High Temperature 
During Declassification 


In this experiment, devices were subjected to 2000 
cycles of the same moving address pattern. 5V only 
erase and program was performed at + 125°C with the 
following results: 


Figure of 
Merit 


Erase 1 
.57 
Program1 
.55 
Erase 2 
.52 
Program2 
.52 


Experiment #4. Chip Erase Only As A Means Of 
Declassification 


Additional units were cycle 100,000 times with the 
moving address pattern. These units were then sub- 
jected to 5V only chip erasure. The results are as 
follows: 


Figure of 
Merit 


Erase 1 
Erase 2 
Erase 3 


Recommendations-In 
most applications a single erase operation is sufficient, in worst case applications three 


to five erase/program cycles will render the data totally unrecoverable. Below are application examples and 
recommended methods of declassification. 


Data logging-where 
monitored data are stored in sequential fashion as the data are generated. This is 


generally done by simply incrementing the address for each new data to be stored; when reaching the end of 
the allocated memory space recording begins at address zero. Single chip erase cycle (10ms) or single chip 
erase/program cycle (20ms). 


Program storage-where 
the program is updated infrequently with data changing in a random manner. Single 


chip erase cycle (10ms) or a single chip erase/program cycle (20ms). 


Program storage-where 
the data are frequently updated but only the data actually changed is being rewritten. 


Single chip erase cycle (10ms) or a single chip erase/program cycle (20ms). 


Program storage-where 
the data are frequently updated, most of the data is unchanged and all addresses are 


rewritten for each update. 


a. Perform a single erase/program cycle prior to each update. Then for declassification a single chip erase/ 


program cycle (20ms) would be required. 


b. If data are loaded at beginning of each work shift and data then declassified at end of each work shift; perform 
end of shift declassification utilizing a single chip erase/program cycle (20ms). 


c. 
Ifdata are frequently updated with no intervening erase/program cycles then declassify with three chip erase/ 
program cycles (100ms). 


Footnote: 


This 
report 
has shown 
the 
effectiveness 
of the 5V only 
Classified 
Erase 
Algorithm 
under 
various 
applications 


conditions. 
Because 
the internal 
mechanism 
is identical 
for the VOE operating 
mode, the conclusions 
are valid for its 
use also. 


It should 
be noted for applications 
where 
neither 
5V only erase/program 
nor the VOE method 
of erase/program 
are 


suitable; 
writing 
all "1 "s in either 
byte or pag emode 
is equivalent 
to a chip erase 
operation 
and writing 
all "O"s is 


equivalent 
to a chip program 
operation. 


Below 
is a cross 
matrix table indicating 
by product 
the method 
of chip erase/program 
employed. 
Where 
VOE mode 


is defined 
the VOE voltage 
and I/O conditions 
required 
are also defined. 


VOE Chip Mode 


Xicor 
Device 
VOE 
VO State for Program 
VO State for Erase 
5Volt Only Mode Available 


X2816B 
20V 
00 
FF 
No 


X28C64 
14V 
00 
FF 
Yes 


X28HC64 
14V 
00 
FF 
Yes 


X28C256 
14V 
00 
FF 
Yes 


X28HC256 
14V 
00 
FF 
Yes 


X28VC256 
14V 
00 
FF 
Yes 


X28C512 
14V 
00 
FF 
Yes 


X28C010 
14V 
00 
FF 
Yes 


Individual 
device timing requirements 
are available 
from Xicor. Address states are "don't care" forthis 
operation. 
Once 


initiated, 
the operation 
(either chip erase or chip program) 
is self-timed 
and will complete 
within 
10ms. 


Ordering 
Information 


The required 
mode of declassification 
must be stated prior to ordering 
the applicable 
Xicor MIL-STD-883 
device. Xicor 


does not guarantee 
declassification 
on "off-the-shelf" 
MIL-STD-883 
product. 


Please 
contact 
your local Xicor Sales Office for availability 
and ordering 
information. 
III 


Military Product Burn-in Circuits and Timing 


A7 


A6 


A5 


A4 


A3 
~ 
A2 
0 


A1 
AO 


1/00 


1/01 


1/02 


14 VSS 


1.4KQ (x3) 


2KQ(x3) 


1.4KQ (x5) 


2KQ (x5) 


Notes: 
(1) 
CLK-1: Rows 1, 3, 5 
(odd rows CE-A) 
CLK-2: Rows 2,4,6 
(even rows CE-B) 
CLK-2; 
CLK-1 


(2) 
WE (Pin 27) must be hardwired to VCC (Pin 28) at device as shown. 
(3) 
I/O Pull Up: 2KQ I/O Pull Down: 1.4KQ 


(4) 
All Resistors: 1% Metal Film, 1/4W 
(5) 
Pin 24 (A9) and Pin 25 (A10) are no connects on the X20C04 and X20C05. 
(6) 
Pin 26 (AS) is a no connect on the X20C04. 


CLK-3 


A10 


CLK-1/2 
(1) 


III 


CLK 1/2(1) 


CLK·3 


A10 


AS 


Ag 


Notes: 
(1) 
'Chip Enable' Clock Assignments: 
CLK·1: All Odd Rows 
CLK·2: All Even Rows 
Such that: CLK·2 = CLK"l" 


(2) 
Pin 31 (WE) must be hardwired to Vcc (Pin 32) at device. 


(3) 
All resistors: 1% metal film, 1/4W 


(4) 
1/0 Isolating resistor = 2200 


Military Product Burn-in Circuits and Timing 


(CLK-1) 
CE-A 


(CLK-2) 
CE-B 


(CLK-4) 


NE 


(CLK-5) 


OE 


Notes: 
(1) 
ADDRESS 
Lines: 0-10 
ADDRESS 
Cycle: 4011S 
(2) 
WE Disabled (tied to Vcc 
at device) 
(3) 
VIN LOW: OAV, VIN HIGH: 5V 
(4) 
Vcc: 
5.5V 


I 


20 


TIME (IlS) 


III 


18 
A? 
A? 
VCC 
A4 
A4 
A6 


A3 
A3 
A5 
499(4x) 
1KQ(4x) 


A2 
A2 
1/°4 


A1 
A1 
1/°3 


AO 
AO 
1/°2 


CLK-1/2 
CS 
1/°1 
GND 
PS-1 
VSS 
WE 
0.111F 
STO 
RCL 
9 
10 


GND 


PS-2 


CLK-4 


CLK-5 


Notes: 
(1) 
Pin 1 (A7) and Pin 1? (A6) are no connects (NC) for the X22C1 O. 
(2) 
STO must always be hardwired to VCC (Pin 18) at device. 
(3) 
I/O Pull Up: 1KQ 
I/O Pull Down: 499Q 
(4) All resistors: 1% metal film; 1/4W. 
(5) 
Socket-to-Socket 
isolation as shown. 
(6) 
CLK-1: Rows 1, 3, 5 
(odd rows-CS-A) 
CLK-2: Rows 2, 4, 6 
(even rows-CS-B) 
Such that: CLK-2; 
CLK-1 


AD-A? 


(CLK-1) 
CE-A 


(CLK-2) 


CE-B 


(CLK-4) 


WE 


(CLK-5) 
13 
OE 


I 
I 
o 
10 


Notes: 
(1) 
AO-A?: Binary Sequencing 
Address Cycle: 40l1s 
(2) 
WE Disabled (tied to Vcc at device) 


(3) 
VIN LOW: OAV, VIN HIGH: 5V 


(4) VCC: 5.5V 


I 
20 


TIME (l1s) 


AO 


A1 


A2 


GND 


ClK-7 


ClK-B 


Noles: 
(1) 
Test (Pin 7) hardwired to Vss (Pin 4) at socket. 


(2) 
SDA (Pin 5) socket-isolated 
as shown-143KQ 
(R1) resistor. 
(3) 
Resistor: 1% metal film, 1/4W 
(4) 
AO, A1, A2 must be set HIGH. 


SCl 


(ClK-7) 


SDA 


(ClK-B) 


Noles: 
(1) 
All addresses: 
AO-A2 tied HIGH 


(2) 
Voltage levels: 
VIN HIGH; 
5V 
VIN lOW; 
O.4V max. 
(3) 
VCC; 
5.5V 
• 


Military Product Burn-in Circuits and Timing 


CLK-5 


CLK-7 


CLK-8 


PS-2 


VCC 


STO/AS 


RCL 


VSS 


Notes: 
(1) 
STO (Pin 7) must be hardwired to VCC (Pin 9) at device as shown. 


(2) 
All resistors: 1% metal film, 1/4W 
(3) 
Socket-to-socket 
isolation as shown. 


SK 


(CLK-7) 


1r10~SHIGH 
1 I r20~S 
PERIOD 


CElRCL 
(CLK-5) 


Notes: 
(1) 
AO through A3 bindary count in data steam (10000111 through 11111111). 
(2) 
All bits 2011Swide; 6011sbetween bytes. 
(3) 
VCC; 
5.5V, VIN HIGH; 
5V, VIN LOW; 
O.4V max. 


Military Product Burn-in Circuits and Timing 


ClK 
1/2(1) 


ClK-3 


A10 
An 


Notes: 
(1) 
'Chip Enable' Clock Assignments: 
ClK-1: 
All Odd Rows 
ClK-2: 
All Even Rows 
Such that: ClK-2 
= ClK-1 
(2) 
Pin 31 (WE) must be hardwired to Vcc 
(Pin 32) at device. 


(3) 
All resistors: 1% metal film, 1/4W 
(4) 
1/0 Pull Up: 2Kn 
1/0 Pull Down: 1.4KQ 


ClK 
1/2(1) 


ClK-3 
A11 
As 
AlO 
Ag 


Notes: 
(1) 
'Chip Enable' Clock Assignments: 
ClK-1: 
All Odd Rows 
ClK-2: 
All Even Rows 
Such that: ClK-2 
= ClK-1 


(2) 
Pin 31 (WE) must be hardwired to VCC (Pin 32) at device. 
(3) 
All resistors: 1% metal film, 1/4W 


(4) 
1/0 Pull Up: 2Kn 
1/0 Pull Down: 1.4Kn 


NC 


A16 
A16 


A1S 
A1S 


A12 
A12 


A7 
A7 


A6 
A6 


AS 
AS 


A4 
A4 


A3 
A3 
u.. 
~ 
A2 
A2 
0 


Al 
Al 


AD 
AD 


1/00 
PS-2 


1/01 


1/02 


GND 
VSS 
16 


l.4KQ 
(x3) 


2KQ (x3) 


Notes: 
(1) 
'Chip Enable' Clock Assignments: 
CLK-l: 
All Odd Rows 
CLK-2: All Even Rows 
Such that: CLK-2 = CLK-l 


(2) 
Pin 31 (WE) must be hardwired to VCC (Pin 32) at device. 


(3) 
All resistors: 1% metal film, 1/4W 


(4) 
I/O Pull Up: 2KQ 
I/O Pull Down: l.4KQ 
(S) Pin 2 (A16) is a no connect on the X28CS12. 


l.4KQ 
(xS) 


2KQ (xS) 


A14 


A13 


A8 


A9 


All 


CLK-3 


Al0 


CLK-l/2 
(1) 


III 
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111F 


24 
A7 
VCC 
PS-1 


A6 
A8 
A8 


AS 
A9 
A9 SEE NOTE S 


A4 
WE 


A3 
A3 
OE 
CLK-3 


A2 
A2 
A10 
A10 
SEE NOTE 5 


A1 
A1 
CE 
CLK-1/2 
SEE NOTE A 


AO 
AD 
1/07 


PS-2 
1/00 
1/06 


1101 
I/OS 


1/02 
1/04 


VSS 
1/03 
12 
13 


GND 


2KQ (x3) 
2KQ{xS) 
1.4KQ (x3) 
1.4KQ (xS) 


Note A: 
CLK-1: 
Rows 1, 3, S 
(odd rows--cEA) 


CLK-2: 
Rows 2, 4, 6 
(even rows-CEs) 


Such that: CLK-2 = CLK-1 


Note 8: 
(1) WE must always be hardwired to VCC (Pin 24) at device as shown. 
(2) All resistors: 1% metal film, 1/4W 
(3) 1/0 Pull Up: 2KQ 
1/0 Pull Down: 1.4KQ 
(4) Socket-to-socket 
isolation as shown. 
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SEE NOTE S A14 


A12 


A7 


A6 


AS 


A4 


A3 


A2 


A1 


AO 


A3 


A2 


A1 


AO 


1/00 


1/01 


1/02 


14 VSS 


1.4KQ (x3) 


2KQ(x3) 


Note A: 
CLK-1: 
Rows 1,3, S 
(odd rows-CEA) 
CLK-2: 
Rows 2, 4, 6 
(even rowS-CEB) 
Such that: CLK-2 = CLK-1 


VCC 


WE 


A13 


A8 


A9 


A11 


OE 


A10 


CE 


1/07 


1/06 


I/OS 


1/04 


1/03 


1.4KQ (xS) 


2KQ (xS) 


Note 8: (1) WE must always be hardwired to VCC (Pin 28) at device as shown. 


(2) All resistors: 1% metal film, 1/4 Watt 
(3) I/O Pull Up: 2KQ 
I/O Pull Down: 1.4KQ 
(4) Socket-to-socket 
isolation as shown. 
(S) Pin 1 (A 14) and Pin 26 (A13) are no connects (NC) for the X28C64, X28HC64. 


A13 
SEE NOTE S 


A8 


A9 


A11 


CLK-3 


A10 


CLK-1/2 
SEE NOTE A 
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Figure 15. X2816C, X28C64, X28HC64, X28C256, X28HC256, 
X28C512, X28C513, X28C010 Burn-In Timing 


(CLK-1) 


CE-A 


(CLK-2) 
CE-B 


(CLK-3) 


OE 


I 
I 
I 


8 
10 12 
I 
20 


TIME (~s) 


I 
I 
I 


28 30 32 


Notes: 
(1) 
Address Lines 0-16: 
Binary Sequencing 
Address Cycle: 40~s 


(2) 
WE disabled (Tied to VCC at device) 
(3) 
VIN Low: OAV, VIN High: 5V 


(4) 
VCC: 5.5V 
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CLK-1 
P5-1 


A7 
GND 


P5-1 
PS-3 


GND 
GND 
4 
5 


Notes: 
(1) 
CS (Pin 7) hardwired to VSS (Pin 4) at socket. 


(2) 
Vw (Pin 5) is socket-isolated 
as shown-5KQ 
resistor. 
(3) 
Resistor: 1% metal film, 1/4W 


(CLK-1) 
INC 


Notes: 
(1) 
Device U/Ll cycle: 5.12ms 


(2) 
Device INC cycle: 20l1s 


(3) 
Low State: O.4V max. 
High State: 5V typo 
Vcc: 
5.5V, VL (P5-3): 
-5.5V 


III 


GND 


PS-3 (-5.5V) 


PS-1 (5.5V) 


AD 


A2 


GND 


PS-3 (-5.5V) 


PS-1 (5.5V) 


ClK-8 


GND 


LL 
A1 
::t 
ci 
A3 
SCl 


VW2 


Vl2 


VH2 


PS-1 (5.5V) 


GND 


PS-3 (-5.5V) 


PS-1 (5.5V) 


A1 


A3 


ClK-7 


GND 


PS-3 (-5.5V) 


PS-1 (5.5V) 


SDA 


VSS 


Notes: 
(1) All resistor values are 5Kn, 1/4W, 1% metal film. 
(2) 
Socket to Socket isolation as shown. 


Notes: 
(1) VCC is @ 5.5V 
(2) All Vh pins are 
@ 5.5V 


(3) 
All VI pins are 
@ -5.5V 
(PS3) 
(4) 
All Vw pins are connected to Ground. 


(5) 
AD, A1, A2, A3 are @ 5V 
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CLK-5 


AO 


A1 


A2 


AS 


A4 


GND 


24 
VCC 
PS-1 


WR, RfW 
PS2 


AS, AS, ALE 
CLK-4 


A8 
A8 


WC 
A9 
A9 


SEL, PSEN 
A11 
A11 


NDO 
E, DS, RD 
CLK--6 


LL 
ND1 
::1. 
A10 
A10 


ND2 
d 
CE,CE 
CLK-1 


NDS 
ND7 
A7 


ND4 
ND6 
A6 


12 VSS 
ND5 
A5 


1S 


Notes: 
(1) 
RIW (Pin 2S) is tied to PS2 (5.0V). 


(2) WC (Pin 5) is tied to Vss at socket. 
(S) Isolation resistors on ND pins are 10KQ. 
(4) All resistors: 1% metal film 1/4W 


I 
20 


TIME (IlS) 


Notes: 
(1) 
Address lines: NDO-A14 
(A1S, A14 88C257) 
Address cycle: 4011S 


(2) 
RD_(Clk.6) = OV 


(S) RIW_(PS2) = 5V 
(4) 
Programs: "OS"Vcc = 5.5V, "06" Vcc = 6V. 
(5) 
Vin LOW: OAV, Vin HIGH: 5V 
III 


I 
20 


TIME (llS) 


Notes: 
(1) 
Address lines: AlOQ-A14 
(A13. A14 68C257) 


Address cycle: 4011S 


(2) 
SEUCLK-5) 
(3) 
RIW_(PS2) = 5V 


(4) 
Programs: "00" VCC = 5.5V, "OE" VCC = 6V. 
(5) 
Vin LOW: OAV. Vin HIGH: 5V 


CLK--€ 
PS-1 
R1 
PS-1 


0 
CLK-7 


GNO 
CLK-8 
5 


Notes: 
(1) 
Hold# (Pin 7) hardwired to Vcc 
(Pin 8) at socket. 


(2) 
MISO (PIN.2) Socket-Isolation; 
1Krl 
(3) 
Resistor: 1% metal film 1/4W 


SCK Clocks thru 256 Address Locations (OQ-FF) 


MOSI will Increment Address Locations from 


00 thru FF. 


Notes: 
(1) 
SCK; 
20~s cycle 


(2) 
41.14ms to read entire array 
(3) 
Voltage levels: 
Vin HIGH; 
5V 
Vout LOW; 
OAV max. 


(4) 
Vcc; 
5.5V 


REPEATED (8191 x 9)l 


Notes: 
(1) 
89.13ms to read entire array 


(2) 
Select inputs: So-S2 
are set HIGH 


(3) 
Voltage levels: 
Vin HIGH; 
5V 
Vout LOW; 
OAV max. 
(4) Vcc; 
5.5V 
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REPEATED (2047 x 9)l 


Notes: 
(1) 
25.09ms to read entire array 
(2) 
Select inputs: So-S2 
are set HIGH 


(3) 
Voltage levels: 
Vin HIGH ;5V 
Vout LOW; OAV Max. 


(4) 
Vcc; 
5.5V 


iCOP 
® 


NOVRAM@Data Sheets 
-- 


Serial Products Data Sheets • 


Byte-wide E2pROMData Sheets -- 


E2POY'MData Sheets 
• 


Microcontroller 
Peripheral Products 


Memory Modules 
• 


Stand Alone Products • 


Development System Data Sheets • 


Application 
Notes 
• 


Die Products 
• 


Military Products 
• 


General Information 
12 


a-LEAD 
PLASTIC, 
0.200" 
WIDE SMALL 
OUTLINE 
GULLWING 
PACKAGE 
TYPE 
"A" (EIAJ SOIC) 
-r 0.020 (.508) 


0.012 (.305) 


.213 (5.41) 


.205 (5.21) 


~ 


r 


.212 (5.38) -----J 


.203 (5.16) 
I 


temmrl;J 
.080(2.03) 
--L 
.070 (1.78) 


.013 (.330) 


.004 (.102) 


o 
8 REF 
~ll------l..... 
.010 (.254) 
t=-j)~\~.03=5 
(.889~)~~ 
1),11====f 
.007 (.178) 


.020 (.508) 
r-- 


NOTE: 
1. ALL 
DIMENSIONS 
IN INCHES 
(IN PARENTHESES 
IN MILLIMETERS) 
2. 
PACKAGE 
DIMENSIONS 
EXCLUDE 
MOLDING 
FLASH 


.330 (8.38) 


.300 (7.62) 
t 


• 


1.600 
(40.64) --------------01l 
0.610 
(15.49) 


0.500 
(12.70)J 


r 
32 


l 0.100 
(2.54) 


i.- 0.100 
(2.54) 


0.095 
(2.41) 


TYP. 0.100 
(2.54) 
Jl::::;: 


TYP. 0.050 
(1.27) 


II 
0.026 
(0.66) 
-.J I-- 0.014 
(0.36) 


TYP. 0.018 
(0.46) 


JO.225 
(5.72) 
0.088 
(2.24) 
-r 
SEATING 


I 
PLANE 


0.060 
(1.52) 


0.015 
(0.38) 


0.200 
(5.08) 


0.125 
(3.18) 


r-- 0.620 
(15.75) --j 
Ir== 
0590 
(14.99) ~I 


I 
, 
IH----------~ " 
" 
\\ 
/1 
\\ 


/1 
'\ 


/1 
'\ 
• 
0" 
-l 
\--,15" 


1 
0.310 
(7.87) 


0.220 
(5.59) 


~ 
i-t-- 0.005 
(0.13) 
MIN. 


I-- 0.055 
(1.40) 
MAX. 


0.110(2.79) j 


0.090 
(2.29) 


TYP. 0.100 
(2.54) 


~ 


0.200 
(5.08) 
i 
0.140 
(3.56) 


J L 


0.060(1.52) 


0.015 
(0.38) 


0.065 
(1.65) 
J[ 


0.038 
(0.97) 


TYP. 0.060 
(1.52) 


0.023 
(0.58) 


0.014 
(0.36) 


TYP. 0.017 
(0.43) 


t 


0.320 
(8.13) 
~ 
0.290 
(7.37) 


TYP. 0.311 
(7.90) 


0.015 
(0.38) 


0.008 
(0.20) 


0.960 
(24.38) -------'1 
1 
0.310 
(7.87) 


0.220 
(5.59) 


~ 


j l.M"'M' 
0.038 
(0.97) 


TYP. 0.060 
(1.52) 


~ 


0.200 
(5.08) 
1 --- 


0.070 
(1.78) 


0.015 
(0.38) 


0.110(2.79) j 


0.090 
(2.29) 


TYP. 0.100 
(2.54) 
JL0.023 
(0.58) 
0.014 
(0.36) 


TYP. 0.018 
(0.46) 


~ 


0'320(8'13)~ 
0.290 
(7.37) 


TYP. 0.311 
(7.90) 


0.015 
(0.38) 


0.008 
(0.20) 


Packaging Information 


1.290 (32.77)---------..1 


1 
0.610 (15.49) 


0.500 (12.70) 


~ 


JlO~""J 
0.038 (0.97) 


TYP. 0.060 (1.52) 


I 
0.110 (2.79)-J 


0.090 (2.29) 


TYP. 0.100 (2.54) 
JL0.023 (0.53) 
0.014 (0.36) 


TYP. 0.018 (0.46) 


~ 


0.620 
(15.75)~ 
0.590 (14.99) 


TYP. 0.614 (15.60) 


0.015 (0.38) 


0.008 (0.20) 


III 


1.490 (37.85) 
MAX.--------1 


1 
0.610 (15.49) 


0.500 (12.70) 


~ 


~J 0.232 (5.90) MAX. 


~ 
0.060(1.52) 
0.Q15 (0.38) 


0.110(2.79) j 


0.090 (2.29) 


TYP. 0.100 (2.54) 
jl"~" 
.. 
0.038 (0.97) 


TYP. 0.055 (1.40) 
J L 0.023 (0.58) 
0.014 (0.36) 


TYP. 0.018 (0.46) 


~ 


0'620 
(15'75)~ 
0.590 (14.99) 


TYP. 0.614 (15.60) 


0.Q15 (0.38) 


0.008 (0.20) 


1.690(42.95) 
, 


MAX. 
1 
0.610 (15.49) 
0.500 (12.70) 


~ 
I.- 0.005 (0.13) MIN. 
I.- 0.100 (2.54) MAX. 


SEATING 


PLANE 
"~,,E(! 


0.200 (5.08) 
I 
0.125(3.18)-1 
i., j l:::::::::: 


0110 (2 79) 
TYP 0055 (1.40) 
0.090 (2.29) 
TYP.0.100 (2.54) 


~ 


0'620 
(15.75);:1 
0.590 (14.99) 


TYP. 0.614 (15.60) 


0,015 (0.38) 
0.008 (0.20) 


JL0.023 (0.58) 
0.014 (0.36) 


TYP.0,018 (0.46) 


III 


0.055 (1.39) 


0.045 (1.14) 


TYP. (4) PlCS. 
tl 


0.458 (11.63) 
r-- 0.442 (11.22) 
IC0.458 (11.63) 
F 


0.088 (2.24) 


0.050 (1.27) 


0.560 (14.22) 
0.558 (14.17) 


0.540 (13.71) 
U 


'---- 
PIN 1 INDEX CORNER --./ 


NOTE: 
1. All DIMENSIONS IN INCHES (IN PARENTHESES IN MilliMETERS) 


2. 
TOLERANCE: ±1% 
NlT ±O.OOS (0.127) 


0.019 (0.48) 


0.015 (0.38) 
----*- 
---r 


t 


0.045 (1.14) MAX. 
1--0.440(11.18) -1 
0.130(3.30) 
0.006 (0.15) 
I 
MAX. 
I 
'=}:-i.- .=,,,., ~I 
I 
1_ 


9 


_ 


1 
==========~'''' 
0.250 (6.35) 
J 
fJ- 


TYP. 0.300 2 PLCS. 
0.180 (4.57) 
0.045 (1.14) 


MIN. 
0.025 (0.66) 


0.030 (0.76) 
MIN. 


Packaging Information 


1228 (31 19) 
1.000 (25.40) 


/ 
PIN11NDEX 


32 
'I 
0.0" (0."" 
0.015 (0.38) 
-l 
~ 


~ 
O.osa (1.27) sse 
t 


0.045 (1.14) MAX) J 


0.005 (0.13) 
MIN. 


0.007 (0.18) 
I 
0.43~~~~.93)I 
0.120 (3.05) 


o.oo~ 
=~=0=.37=0=(9=.4=0~==1=", 
I_=j_I~========="'" 


0.270 (6.86) 
j 
f-1 


0.347 (8.82) 
0.045 (1.14) 


0.330 (8.38) 
0.026 (0.66) 


0.030 (0.76) 


MIN 


0.055 (1.39) 


0.045 (1.14) 


TYP. (4) PLCS. 
tl 


~ 


0.458 (11.63) 


0.442 (11.22) 


0.458 (11.63) 
~ F 
~:~:~ 
~~:~;~ 


0.120 (3.05)1 
0.060 (1.52)r -I 


0.558 (14.17) 
0.400 (10.16) 
LJ 


0.560 (14.22) 
0.540 (13.71)u 
'-- 
PIN 1 INDEX CORDER -----./ 


NOTE: 
1. ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS) 
2. TOLERANCE: ±1% NLT±O.OOS(0.127) 
3. FOR EXTENDED STORAGE TEMPERATURE ENVIRONMENTS 
• 


-r. 0.021 (0.53) 


0.013 (0.33) 
TYP. 0.017 (0.43) 


0.595 (15.11) 


0.585 (14.86) 
TYP. 0.590 (14.99) 


0.553 (14.05) 


0.547 (13.89) 
TYP. 0.550 (13.97) 


0.400 
(10.16)REF. 


0.030'TYPICAL 


o 050' 
32PLACES 
TYPICAL1 r- -j r- 
* 
m······· 
r. · 
t 


• 
• 
0.050' 


0.510'. 
• 
TYPICAL 
TYPICAL 
• 
• 


I 
• 
• 


~ 


OL.4°O·: 
: 
• 
• 
• 
• 
••••••• 
r-0300'-+j 
REF 
ro<m>_. 
,.•,. ~ 


SEATING PLANE 
±0.004 LEAD 
CO - PLANARITY 


0.015 (0.38) 
~:~:~ 
~~::~~ 
~ 
0.140 (3.56) 


0.100 (2.45) 


TYP. 0'136~(.45) 
0.048 (1.22) 
0.042 (1.07) ,- 


NOTES: 
1. All 
DIMENSIONS IN INCHES (IN PARENTHESES IN MilliMETERS) 
2. DIMENSIONS WITH NO TOLERANCE FOR REFERENCE ONLY 


Packaging Information 


SEATING PLANE 
±0.004 LEAD 


CO - PLANARITY 


0.021 (0.63) 
0.013 (0.33) 


~ 
0.695 (17.65) 
0.685 (17.40) 


0.020 (0.51) 


~:~~~i~:~:~Il 
0.180 (4.57)1 
0.165 (4.19) 


0.156 (3.96) 


0.145 (3.68) 


0.695 (17.65) 
0.685 (17.40) 


0.655 (16.64) 
0.650 (16.51) 


0.032 (0.81) 
0.026 (0.66) 


0.630 (16.00) 
0.590 (14.99) 


NOTES: 
1. All 
DIMENSIONS IN INCHES (IN PARENTHESES IN MilLIMETERS) 
2. DIMENSIONS WITH NO TOLERANCE FOR REFERENCE ONLY 


GGG0G 
8GGGG 
GG 
00 
G 


88 
00 
8008 
80800 


1 
\ ,....., 


0.660 (16.76) 
0.640 (16.26) 


____ 
0.561 (14.25) 
_ 


0.541 (13.75) 


-+A 


~ 
11JC(~.20) 
:~f 
I 
0.050 (1.27) 
-·A 
NOTE: LEADS 4, 12,18 & 26 


0.080(2.03) 
4CORNERS 


0.070 (1.78) 0.110 (2.79) 


~ 


.090(2.29) 
0.072 (1.83) 
0.062 (1.57) 


n 
----l 


u 
~ 


n 
===:::J0.020 
(0.51) 
0.016 (0.41) 


+A 
n.~l 


0.185 (4.70) 
>0---- 
0.175(4.44) 


Packaging Information 


GGGG0 
G8GGG00 
80 
00 
00 
GG 


TYP. 0.180 
(.010) 


(4.57 ± .25) 
4 CORNERS 


80 
80 
8000000 
80800 


TYP. 0.180 (.010) 
(4.57± 
.25) 


4 CORNERS 


- 
\ ,L, 


0.770 
(19.56) 
0.750 (19.05) 
sa 


-+A 


! flJt:: (~20) 
:~f 
I 
0.050 (1.27) 
-·A 


NOTE: LEADS 5, 14,23, & 32 


0120 
(3.05) 
(2.54) 


(1.83) 
(1.57) 


0.100 
~ 
0.072 
- 
0.062 


I +~ 


I 
¥ 
I 
.A 


- 


---l 


~ 
0.020 (0.51) 
0.016 (0.41) 


~ 
~I_ 0.185(4.70) 


0.175 
(4.45) 


1 


D 
Hd 
Uj 


A2 
A 


7°±O° 
qJ 
#~nnnnnnnnnn 


C 
A1 


NOTES: 
1. GAGE PLANE DIMENSION ON PAGE 11S IN MM. 
2. LEAD COPLANARITY SHALL BE 0.10MM [0.004] MAXIMUM. 


DIM 
MILLIMETERS 
INCHES 


MIN 
MAX 
MIN 
MAX 
A 
1.00 
1.20 
0.039 
0.047 


A1 
0.05 
0.15 
0.002 
0.006 


A2 
0.95 
1.05 
0.037 
0.041 


b 
0.22 
0.38 
0.009 
0.Q15 


C 
0.090 
0.200 
0.004 
0.008 


D 
9.90 
10.10 
0.390 
0.398 


E 
9.90 
10.10 
0.390 
0.398 


e 
0.80TYP 
0.031 TYP 


Hd 
11.90 
12.10 
0.468 
0.476 


He 
11.90 
12.10 
0.468 
0.476 


L 
0.45 
0.75 
0.018 
0.030 
L1 
1.00 TYP 
0.039TYP 


0 
0 
7 
0 
7 


DETAIL A 


0.005/0.015 


0.025 ± 0.003 1r 
L-dJ 
0.006/0.022 


fJ c; 


0.050 ± 0.005 


0.020 
(1.02) x 45° REF. 
TYP. (3) PLCS. 


0.450 ± 0.008i 


0.458 
MAX. ==JI 
0.060/0.1201 Ir 
0.708 
MAX. 
L 
u 


NOTE: 
1. ALL DIMENSIONS 
IN INCHES 
(IN PARENTHESES 
IN MILLIMETERS) 
2. 
TOLERANCE: 
±1% NLT ±O.OO5(0.127) 


Packaging Information 


r-- 0.430 
(10.92) -----1 
I _ 
0.360(9.14) 
_ 
I 


0.260 
(6.60) 


0.240 
(6.10) 


~ 


I 
0.060 
(1.52) 
I-- 0.020 
(0.51) 


0.110(2.79) j 


0.090 
(2.29) 


] 


0.145 
(3.68) 


0.128 
(3.25) 


J .LL 0.025 
(0.64) 
0.015 
(0.38) 


0.065 
(1.65) 
J L 


0.045 
(1.14) 


0.020 
(0.51) 


0.016 
(0.41) 


0.015 
(0.38) 
r-- 0325 
(8.25) ----I 


MAX. ~I_ 
I 
0.300 
(7.62) 
~ 
I 


mo"olO7' 
.~ 
,:. 


NOTE: 
1. ALL 
DIMENSIONS 
IN INCHES 
(IN PARENTHESES 
IN MILLIMETERS) 
2. 
PACKAGE 
DIMENSIONS 
EXCLUDE 
MOLDING 
FLASH 


I 


~. 
0.915 
(23.24) 


0.894 
(22.71) 
·1I 
0.270 
(6.86) 


0.250 
(6.35) 


~ 


I 
0.060 
(1.52) 
I-- 0.050 
(1.27) 


I 
0.110 (2.79) --J 


0.090 
(2.29) 
J Lomo(". 
0.050 
(1.27) 


] 


0.165 
(4.19) 


0.130 
(3.30) 
L 
0.025 
(0.51) 


0.005 
(0.13) 
j L0.020 
(0.51) 
0,016 
(0.41) 


r-- 0.325 
(8.26) -----1 
I r 
0.300 
(7.62):7\ 
I 


Neon""m,1 
._~ 
,:. 


NOTE: 
1. ALL DIMENSIONS 
IN INCHES 
(IN PARENTHESES 
IN MILLIMETERS) 
2. 
PACKAGE 
DIMENSIONS 
EXCLUDE 
MOLDING 
FLASH 


L 0.10(BSC) 
(2.54) 


1.060 (26.92) --------'1 
0.980 
(24.89) 
I 
0.280 
(7.11) 


0.240 
(6.096) 


~ 


] 


0.195(4.95) 


0.115 (2.92) 


Jl 


L 
0015 
(0 38) 


o 070 (1 77: L~~~~~~~~~ 


0.045 (1.143) 


NOTE: 


1. ALL 
DIMENSIONS 
IN INCHES 
(IN PARENTHESES 
IN MILLIMETERS) 
2. 
PACKAGE 
DIMENSIONS 
EXCLUDE 
MOLDING 
FLASH 


Packaging Information 


1.265 (32.13) 
------- 
__I 


1.230 (31.24) 
I 
0.557 
(14.15) 


0.530 
(13.46) 


~ 


I 
0.080 (2.03) 
I-- 0.065 
(1.65) 


] 


0.162 
(4.11) 


0.140 
(3.56) 


L 
0.030(0.76) 
0.Q15 (0.38) 


0110 
(2.79) j 


0.090 
(2.29) 
ooo""j L 
0.040 (1.02) 
j L 0.022 
(0.56) 


0.014 
(0.36) 


r--0625 
(15.87)--1 


I 
10600(15.24)~ 
I 


moo",o,,,1 
._~ 
,~. 


NOTE: 
1. ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS) 
2. PACKAGE DIMENSIONS EXCLUDE MOLDING FLASH 


Pacl<aging Information 


1.470 (37.34) --------01 
1.400 (35.56) 
I 
0.557 
(14.15) 


0.510 
(12.95) 


~ 


I 
0.085 
(2.16) 
\-- 
0.040 
(1.02) 


] 


0.160(4.06) 


0.125 
(3.17) 


t 
0.030 
(0.76) 
0.015 
(0.38) 


I 


0.110 (2.79) j 


0.090 
(2.29) 
o_"..,J L 


0.040 
(1.02) 
j L0.022 
(0.56) 
0.014 
(0.36) 


0.160 
(4.06) 


0.120 
(3.05) 


r--0.625 
(15.88)--l 


mo"O(o",lO~'''~~-~ 
;:. 


NOTE: 
1. ALL 
DIMENSIONS 
IN INCHES 
(IN PARENTHESES 
IN MILLIMETERS) 
2. 
PACKAGE 
DIMENSIONS 
EXCLUDE 
MOLDING 
FLASH 


Packaging Information 


1.665(42.29) 
-------- 
•• 1 


1.644 (41.76) 


I 


I 


0.110 (2.79) -J 


0.090 
(2.29) 
o"",,,J L 
0030 
(7.62) 


r-0.625 
(15.88)--1 
I I 
0.590 
(14.99) 7\ 
I 


mo",o.",! 
h~,~. 


NOTE: 
1. All 
DIMENSIONS IN INCHES (IN PARENTHESES IN MilLIMETERS) 
2. PACKAGE DIMENSIONS EXCLUDE MOLDING FLASH 


0.557 
(14.15) 


0.510 
(12.95) 


~ 


I 
0.085 
(2.16) 
I-- 0.040 
(1.02) 


] 


0.160 
(4.06) 


0.140 
(3.56) 
L 
0.030 
(0.76) 
0.Q15 (0.38) 
j L0.022 
(0.56) 
0.014 
(0.36) 


-- 


2.480 (62.99) ---------1• 
2.385 (60.58) 
I 
0.580 (14.73) 


0.485 (12.32) 


~ 


I 
0.088 (2.24) 
I-- 0.060 (1.52) 


] 


0.195(4.95) 


0.125(3.18) 


0.100sse j 


(2.54 SSG) 
","",,,,J L 


0.030 (7.62) 
j L0.022 (0.56) 


0.014 (0.36) 


I-- 0.600 sse --1 


= Mro,"~Il("~ 
'''''-~,':. 


NOTE: 
1. All 
DIMENSIONS IN INCHES (IN PARENTHESES IN MilliMETERS) 
2. PACKAGE DIMENSIONS EXCLUDE MOLDING FLASH 


/ 
. 


) 


~ 


• 
"\ 
SEE DETAIL "A" 


_ 
. 
: FOR LEAD 
-1---- 
• 
I INFORMATION 
I-- 0.340 
~ 
•• _., 


±O.OO7 


0.020 
MIN. 


0.015 
R TYP. 


-J r--r$~I~;L 
----L 
~ 
~, 


I 
TYPICAL 


0.560' 


TYPICAL 


~ 
. 
-Jr-- 
~r- 


0.050 


I-- 0440 
MAXJ 
I 


0.560NOM.~ 


NOTES: 
1. ALL 
DIMENSIONS 
IN INCHES 
2. FORMED 
LEAD 
SHALL 
BE PLANAR 
WITH 
RESPECT 
TO ONE ANOTHER 
WITHIN 
0.004 INCHES 
• 


0.014 (0.35) 
0.019 (0.49) 
nl 
0.150 (3.80) 
0.228 (5.80) 
0.158 (4.00) 
0.244 (6.20) 


~ 


0.010 (0.25) 
l r- 
0.020 (0.50) X45° 


00t--80 [/~~L 


dJ , 
flL--l 0.0075 (0.19) 
J It 0.010(0.25) 


0.016 (0.410) 
0.037 (0.937) 


* 
0.053 (1.35) 
0.069 (1.75) 


f 


---j 
r-0.050" 
TYPICAL * 
T···· 


0.250"i•••• 


--j 
r- 
0.030" 


TYPICAL 
8 PLACES 


t 0.050· 
TYPICAL 


0.014 (0.35) 


0.020 (0.51) 


0.336 (8.55) 


0.345 (8.75) 


nl 
0.150 (3.80) 
0.228 
(5.80) 


0.158 (4.00) 
0.244 (6.20) 


~ 


l 


0.010 
(0.25) 
I 0.020 
(0.50) 
X 45° 


0°_8° 
~/-- 
--L 
LJl~------flL---l0.0075 
(0.19) 
"\ 
j Lf 
0.010(0.25) 


0.016 (0.41) 


0.037 
(0.937) 


+ 
0.053 (1.35) 


0.069 (1.75) 


-; r-0.050" Typical 
L 


roDDDDD~J:.. 


0.250" 


loDDDDDD 


---..J 
1.- 0.030" Typical 


FOOTPRINT 
-I 
,- 
14 Places 


0.014 (0.35) 


0.020 (0.51) 


l 


0.010 
(0.25) 
I 0.020 
(0.50) 
X 45° 


0°_8' 
~/-- 
~-l 
L§\-------flL~ 
0.0075(0.19) 
\ 
j It 0.012(0.30) 


0.016 
(0.410) 


0.037 
(0.937) 


rTl 
0.' 50 (3.80) 
0.228 
(5.80) 


0.158 (4.00) 
0244 
(620) 


~ 


J 
f 


0.004 (0.19) 


0.010 (0.25) 


0.053 
(1.35) 


0.069 
(1.75) 
f 


-, r- 0.050· 
Typical 
L 
r········~=" 
0.250· 
L•••••••• 


---I I-- 0.030· 
Typical 


16 Places 


0.014 
(0.35) 


0.020 
(0.50) 


0.010 
(0.25) 
l r- 
0.020 
(0.50) 
X 45° 


00t--80 r/~~L 
dJ ,--------flL--L 
0.007(0.18) 
j If 
0.011(0.28) 


0.Q15 (0.40) 
I- 


0.050 
(1.27) 


-nl 


0.290 
(7.37) 
0.393 
(10.00) 


0.299 
(7.60) 
0.420 
(10.65) 


~ 


0.496 (12.60) 


0.508 (12.90) 


---.l 


f 


0.003 
(0.10) 


0.012 
(0.30) 


t 


0.092 
(2.35) 


0.105 
(2.65) 
f 


--j r- 0.050· 
Typical 
L 
r....·....~ 


0.420· 
L•••••••••• 
-.j ~ 
0.030· 
Typical 


20 Places 
• 


0.014 (0.35) 


0.020 (0.50) 


0.598 (15.20) 


0.610 (15.49) 


l 


0.010 (0.25) 
I 0.020 (0.50) 
X 45° 


0°-8° 
~/-- 
~-L 
LJ\------flL~ 
0.009(0.22) 
\ 
j It 0.013(0.33) 


0.Q15 (0.40) 


0.050 (1.27) 


-nl 


0.290 (7.37) 
0.393 (10.00) 


0.299 (7.60) 
0.420 (10.65) 


~ 


0.092 (2.35) 


0.105 (2.65) 


t 


1r- 0.050' 
TYPICAL 
rll II II. II II ~~ 


0.420' 
LII~•••••••• 


0.030' 
TYPICAL 
FOOTPRINT 
r- 
24 PLACES 


Packaging Information 


-.1l 
0.020 (0.508) 
0.014 (0.356) 


L-I' 
~:~~~~~~:~~\ 
"I 


0.105(2.67) 
~_~I_~/BASEPLANE 
0.092 (2.34) 
I 
I 
! 
f 
f 
" 
SEATINGPLANE 
0.012 (0.30) 
0.050 (1.270) 
0.003 (0.08) 
BSC 


0.0200 (0.5080) 
110.0100 (0.2540) X45· 
1 
L 
0.013(0.32) 


o~ 
n============TlL---.l008 
(0.20) 


0.0350 (0.8890)j [t 
0.0160 (0.4064) 
l·~iiirn••••~"~ 


TYPICAL 


0.42"MAX 
1 
. 


FOOTPRINT 
-I \.-0.030"TYPICAL 
28 PLACES 


NOTES: 
1. ALL DIMENSIONS IN INCHES (IN PARENTHESES IN MILLIMETERS) 
2. FORMED LEAD SHALL BE PLANAR WITH RESPECT TO ONE ANOTHER WITHIN 0.004 INCHES 


32-LEAD 
THIN SMALL 
OUTLINE 
PACKAGE 
(TSOP) 
TYPE T 


SEE NOTE 2 


l 
0.50 (0.0197) SSC 


~l 
0.26 (0.010) 


0.14 (0.006) 


1.18 (0.046)6 


.02 
(0.040) 


L 
0.17 (0.007) 


/J-\~-=-=-=-=-=-=~-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=_=_=_=_=_=_=_=_=_=_=..)_t1\\JS~:~I~:01) 


I 
.1-- PLANE 
~ 
0.58 (0.023) 
I 


0.42 (0.017) 
14.15 (0.557) 
_ 
13.83 (0.544) 


14.80 ± 0.05 
(0.583 ± 0.002) 
'j 


--==--1 


0.30 ± 0.05 
(0.012 ± 0.002) ~ 


TYPICAL 
~--- 
32 PLACES 
-- 
VSOLDER 
PADS 


---------I· 


0.17 (0.007) 
0.03 (0.001) 


_ 
15 Ea. SPC. 0.50 ± 0.04 


_ 
0.0197 ± 0.016 = 7.50 ± 0.06 


_ 
(0.295 ± 0.0024) OVERALL 


_ 
TaL. NON-CUMULATIVE 
-=tl 
--=~ 


"'M." ~I 
(O~~::~"( 


(0.051 ± 0.002) 
I-- 


NOTE: 
1. ALL DIMENSIONS ARE SHOWN IN MilLIMETERS 
(INCHES IN PARENTHESES). 


40-LEAD THIN SMALL OUTLINE PACKAGE (TSOP) TYPE T 


0.493 
(12.522) 


0.045 
(1.143) 
0.483 
(12.268) 


0.035 
(0.889) 
PIN #1 IDENT. 
£1 0.040 
(1.016)XO.005 
(0.127) 
DP. 
-.j 


£1 0.030 
(0.762) 
0.003 
(0.076) 
DP. 
I 


0.396 
(10.058) 


0.392 
(9.957) 
U 
~--..•, 


(!!cC:-:_-_-_- 
__-_-_-_-_-_- 
__-_-_-_-_-_ 
-__-_-_-_-_- 
__-_-_-_-_- 
__-_-_-_-_-_- 
__-)~ J~;~;~0.065) 


I. 
0.557 
(14.148) 
.I---r 


0.547 
(13.894) 


14.80 ± 0.05 


(0.583 
± 0.002) 
--V SOLDER 
PADS 
---------I· 


'1 
~-==_I 


0.30 ± 0.05 


(0.012 
± 0.002)~ 


TYPICAL 
~--- 


40 PLACES 


0.17 
(0.007) 


0.03 
(0.001) 


NOTE: 


1. All 
DIMENSIONS 
ARE SHOWN 
IN INCHES 
(IN PARENTHESES 
IN MilLIMETERS). 


~0.048 
(1.219) 


l 
0.0197 
(0.500) 


-f 0.007 
(0.178) 


--. 
SEATING 


I 
PLANE 


=Et 
0.010 
(0.25~) 


0.006 
(0.152) 


0.040 
(1.016) 


DETAil 
A 


0.032 
(0.813) 
TYP. 
0.017 
(0.432) 


=I 


_ 
15 EO. SPC. 
@ 0.50 ± 0.04 


_ 
0.0197 
± 0.016; 
9.50 ± 0.06 


_ 
(0.374 
± 0.0024) 
OVERAll 
_ 
TaL. 
NON-CUMULATIVE 
-=2 
-- 
=---.1 


""."'"jI 
("~:: 
:::::", 
(0.051 
± 0.002) 
I-- 


r- .193 (4.9)-----j 


1200(5.1) 
I 
~__ 
~---l 


~-1.047(1.20) 


.0075 (.19)--.II.- 
.002 1.05) f 


.0118 (.30) 
.006 (.15) 


H~c¥---S{-"'::::: 


.019 (.50) 
.029 (.75) 


Detail A (20X) 


t 


: 
',',··--(~:t.[,~.,======~l::-. .031 (.80) 
dJ\_. 
7.~.041 
(1.05) 
t 


See Detail "A"J-' 


r 


.252 (6.4) ----j 


.300 (6.6) 
I 


€rnni~~20) 


II 
f 
f 
.0075 (.19) --II-- 
.002 (.05) 
.0118 (.30) 
.006 (.15) 


t 
-----~i~ 
~l~ 
.031 (.80) 
(r=»~\:-,::::::::_-_-_-_-_-_-_-_-_-_j~_l~ 
.041 (1.05) 
, 
' 
1St 
SeeDetail"A·J-- 


III 


28-PIN 
DUAL-iN-LINE 
PACKAGE 
CERAMIC 
LEADLESS 
CHIP CARRIERS 
ON CERAMIC 
SIDEBRAZED 
CERAMIC 
SUBSTRATE 


1 
.600 (15.24) 
.580 (14.73)1 
--_./ 


~ 


j L .018 ± .002 
(.46 ± .05) 


1.300± 
.005 


(33.02 
± 0.13) 


TOL. NON. ACCUM. 


L .600 ± .010 -J 
(15.24 ± .25) 


NOTES: 


1. ALL 
DIMENSIONS 
IN INCHES 
(IN PARENTHESES 
IN MILLIMETERS) 


2. 
DIMENSIONS 
WITH 
NO TOLERANCE 
FOR 
REFERENCE 
ONLY 


32-PIN 
DUAL-IN-L1NE 
PACKAGE 
CERAMIC 
LEADLESS 
CHIP CARRIERS 
ON SIDE BRAZED 
CERAMIC 
SUBSTRATE 


T 


j L .018 ± .002 


(.46 ± .05) 


1.500 ± .008 
(38.10 ± .20) 


TOL. NON. ACCUM. 


L .600 ± .010 --J 


(15.24 ± .25) 


NOTES: 


1. All 
DIMENSIONS 
IN INCHES 
(IN PARENTHESES 
IN MilliMETERS) 


2. 
DIMENSIONS 
WITH 
NO TOLERANCE 
FOR 
REFERENCE 
ONLY 


PIN#1 
IDENTIFIER 
(NOT CHAMFERED) 
.100TYP 


r 
·320MAXn- 
--j 
.050---l 


------. .018 


